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1Chapter 1: General Introduction
Cover crops provide environmental benefits that include reducing erosion, increasing
soil organic matter, improving chemical and physical soil properties, weed suppression,
insect and disease management, and reducing nitrate leaching (Hartwig and Ammon, 2002;
Sarrantonio and Gallandt, 2003). Despite these benefits, cover crop adoption has been low
(Snapp et al., 2005). Adoption is low because of a limited fall and spring growing season
after cash crop harvest and before planting (Snapp et al., 2003), delayed cash crop planting
(Stivers-Young and Tucker, 1999), decreased net returns (Reddy, 2003), yield depression
(Eckert, 1988; Johnson et al., 1998; Kessavalou and Walters, 1997; Tollenaar et al., 1993),
and indirect results, such as delayed soil warming and unpredictable N release (Snapp et al.,
2005).
Thesis Organization
This thesis is organized in journal manuscript format. Chapter 1 is the general
introduction and description of the thesis content. Chapter 2 is the literature review of
previous research related to self-seeding cover crops and their effects on corn. Chapter 3 is a
manuscript covering the self-seeding abilities of winter cereal grains following soybean and
during corn growth the following season that will be submitted to the Agronomy Journal.
Chapter 4 is a manuscript covering the effects of self-seeding cover crops on the grain yield
and yield components of corn, which will also be submitted to the Agronomy Journal.
Chapter 5 are the conclusions from this research. References for the manuscripts are
included in the chapter for each publication. References for the introduction, literature
review, and general conclusions follow Chapter 5.
2Chapter 2: Literature Review
Soil Erosion
Soil erosion occurs in every natural environment (Wolman, 1985). Erosion rates
accelerate when land use changes from permanent cover to cropland. As soil erosion occurs
faster than soil formation, the productivity of the soil begins to decrease, especially if the
subsoil is unfavorable for plant growth (Larson et al., 1985). Larson et al. (1985) reported
that a silt loam Mollisol soil in the Midwest that was only slightly eroded had a 0.94 Mg ha-1 
higher corn yield compared with a severely eroded soil. Englestad and Shrader (1961)
compared corn grain yield with no nitrogen (N) fertilizer on an undisturbed soil and a soil
with the subsoil artificially exposed and concluded that the soil with the subsoil exposed had
a corn yield that was 3.07 Mg ha-1 lower.
Using the EPIC (Erosion Productivity Impact Calculator) model Lee et al. (1993)
compared conventional tillage and no-tillage plus a winter cover crop in the U.S. Corn Belt
and found erosion decreased using a cover crop. The EPIC model predicted that under
conventional tillage erosion would occur at a rate of 1.68 Mt ha-1 yr-1, while soil in no-tillage
plus a cover crop eroded at a rate of 0.64 Mt ha-1 yr-1, which was a result of the cover crop
and no-tillage.
Cover crops reduce soil erosion by providing additional crop residue cover that
minimizes rain droplets from impacting the soil surface, thus reducing soil particle
detachment and transport (Wischmeier, 1965; Woodruff, 1965). Using the revised universal
soil loss equation (RUSLE) to calculate erosion rates, erosion can be reduced by 30% with as
little as 10% cover and can be reduced by as much as 80% with 50% residue cover
(Moldenhauser and Langdale, 1995). Cover crops also provide carbon for soil organic
3matter, which lowers erosion because of increased water infiltration and retention (Mills,
1988; Radcliffe et al., 1990).
Kaspar et al. (2001) studied infiltration, runoff, and erosion with a rye cover crop
compared to a no cover crop control. They found that in one of three years the rye cover
crop increased infiltration and decreased runoff by 2.13 and 2.12 g m-2 s-1. They also found
that in two of three years rill erosion rates were decreased by the rye cover crop compared to
the control. The rye cover crop decreased erosion rates by 2.76 and 2.02 g m-2 s-1 in year one
and two compared to the no cover crop control. Kaspar et al. (2001) concluded that rye
reduced rill erosion by reducing sediment detachment by flowing water thus reducing erosion
rates.
Nitrate Leaching
Applications of N sustain high levels of production for food, feed, and fiber (Dinnes
et al., 2002) because N is an essential nutrient for plant growth. Nitrate-N is a form of N that
is readily leached from agricultural fields usually because of over application or ill-timed
application of plant available N (Hatfield and Cambardella, 2001). Randall (1997) also
stated that mineralized organic matter can provide nitrate that is vulnerable to leaching.
Nitrate leaching is a problem because nitrate in surface and ground waters can increase the
chance of hypoxia in coastal areas (Rabalais et al., 1996) and increase methemoglobinemia
(blue baby syndrome) if nitrate is elevated in drinking water (Kross et al., 1992). The
USEPA has established maximum nitrate levels for drinking water at 10 mg L-1.
Cereal cover crops such as wheat (Triticum aestivum L.), rye (Secale cereale L.), and
triticale (x Triticosecale Wittmack) grow in the fall and spring, when nitrate-N is at its
highest risk for leaching (Power et al., 1998). Cover crops reduce nitrate leaching by
4accumulating excess inorganic N in the fall and spring and storing it in organic forms
(Magdoff, 1991; Staver and Brinsfield, 1998) until the cover crop is desiccated or matures.
Cereal cover crops use water and accumulate N that could leach into tile drains and surface
waters (Strock et al., 2004). Cereal cover crops growing during the fall and spring can
immobilize large quantities of nitrate-N, however this can reduce cash crop yield (Hargrove,
1986; Snapp and Borden, 2004; Vyn et al., 1999). Cover crops that accumulate excess N in
the fall and spring before corn planting will recycle N in the soil after C:N ratios reach 10-
12:1 (Dinnes et al., 2002). In cropping systems using cover crops, 20-80% less nitrate-N
leached out compared to systems without cover crops (Meisinger et al., 1991). Meisinger et
al. (1991) concluded that rye had the greatest ability to reduce nitrate leaching compared with
oat (Avena sativa L.), timothy (Phleum pretense L.), perennial ryegrass (Lolium perenne L.),
and annual ryegrass (Lolium multiflorum Lam.). Meisinger et al. (1991) also found that non-
legumes reduced nitrate leaching 70% compared to 23% using legumes. Management
practices that can reduce nitrate leaching include timing of N application, N rate, nitrification
inhibitors, diversified crop rotations, tillage, and cover crops (Dinnes et al., 2002).
Nitrogen Accumulation in Winter Cereals
De Bruin et al. (2005) planted winter rye after corn in a corn-soybean [Glycine Max
(L.) Merr.] sequence. Rye accumulated 38 and 43 kg N ha-1 in the shoot biomass in the
spring of two years (De Bruin et al., 2005). Vaughan and Evanylo (1998) reported that rye in
a rye-corn sequence produced 5.4 and 10.4 Mg ha-1 of dry matter using an early and late
desiccation date. Rye in the early and late desiccation date accumulated 104 and 124 kg N
ha-1. Consequently, Vaughan and Evanylo (1998) concluded that rye should be desiccated
5early because N accumulation at the late desiccation date was not significantly increased and
desiccating early achieved higher corn yields.
Pest Management
Teasdale et al. (2004) suggests that in a diversified cropping system with cover crops,
natural enemies of herbivore insects are more abundant compared to monocultures. Cover
crops interfere with pests by creating a physical barrier, acting as a trap crop, disrupting
feeding, inhibiting reproduction, and attracting natural enemies to reduce pest populations
(Teasdale et al., 2004).
De Bruin et al. (2005) reported that winter rye reduced populations of common
lambsquarters (Chenopodium album L.) and common cocklebur (Xanthium L.) by four times
compared with the no rye treatment in June, but did not reduce the populations of giant
ragweed (Ambrosia trifida L.) or common ragweed (Ambrosia artemisiifolia L.). They also
concluded that rye alone was not enough to control weeds for the entire growing season in
soybean and a late herbicide application was needed to control late season weeds. Teasdale
et al. (2004) found cover crop residue can provide early season weed control but not full
season weed control. Cropping systems using cover crops can reduce herbicide inputs if
early season weed control is sufficient to shift to a postemergence only herbicide system
(Teasdale et al., 2004).
Williams et al. (1998) measured the weed suppression effects of wheat, rye, and
triticale residues, finding that wheat, triticale, and rye residues delayed pigweed (Amaranthus
L.) and foxtail (Setaria) emergence 20 and 28 days after planting soybean. Wheat, rye, and
triticale reduced the seedling fitness and biomass produced by Setaria and Amaranthus until
35 days after planting soybean (Williams et al., 1998).
6Carrera et al. (2004) used no-tillage in sweet corn production and a mixture of fall
planted hairy vetch/rye cover crops. Cover crops were terminated by mowing or applying
paraquat one day after planting sweet corn. They found that the sweet corn plant population
was significantly reduced with cover crops compared to the no cover crop control. However,
the hairy vetch/rye mixture increased sweet corn yields about 30% and decreased weed
biomass compared with the no cover crop control.
Creamer et al. (1996) studied rye cover crop effects on emergence and growth of
eastern black nightshade (Solanum ptycanthum Dun. ex DC.). They used rye residue that had
been leached of all of its allelochemicals and compared that to rye that had not been leached
and a no cover crop check. They found no difference in emergence of eastern black
nightshade between non-leached and leached rye. Rye leached of its allelochemicals
inhibited emergence of eastern black nightshade by 98% compared to the no cover crop
check. They determined that rye only suppressed eastern black nightshade physically
because of its sensitivity to light exclusion. Creamer et al. (1996) also reported that
unleached rye residue suppressed yellow foxtail [Setaria glauca (L.) Beauv.] emergence by
90% compared to the no cover crop check and was not significantly different than the
leached rye residue. They concluded that suppression was attributed to the physical
inhibition of emergence.
Moonen and Barberi (2004) reported the effects of cover crops and tillage on the soil
weed seedbank after seven years. Cover crops were desiccated about three weeks before
corn planting each year. They concluded that the conventional tillage system reduced the
seedbank density by 25% compared with the no cover crop control, however, the low input
system that used no-tillage and rye did not reduce the weed seedbank.
7Organic Matter
Kuo et al. (1997) measured changes in soil organic carbon using winter rye as a cover
crop following corn silage harvest. Winter rye produced 1620 kg ha-1 of shoot biomass and
1229 kg ha-1 of root biomass averaged over five years sampled in late Apr. to early May.
Rye increased soil organic carbon compared to the no cover crop control. The increase was
about 0.5-1.0 g kg-1 of soil organic carbon in the surface soil (0-15 cm) during the five year
period. Kuo et al. (1997) attributed this increase to the rye biomass. Bauer and Black (1994)
found that when soil organic matter levels were 64-102 Mg ha-1, a Mg ha-1 of organic matter
contributed to the surface 30.5 cm of soil and would increase spring wheat grain yield by 16
kg ha-1 and shoot biomass by 35.2 kg ha-1. Lee et al. (1993) used the EPIC model for a
typical cornbelt soil to determine if organic matter could be increased by using no-tillage and
cover crops. The model predicted that over a period of 100 years the no-tillage and cover
crop system added 7.3 Mg ha-1 of organic matter to the soil compared to conventional tillage,
which decreased organic matter by 0.4 Mg ha-1.
Soil Water
De Bruin et al. (2005) planted a rye cover crop after corn in a corn-soybean sequence
and reported that no soil water content differences occurred from the 0-45 cm soil depth after
6 June comparing a rye treatment and the no cover crop check in one year. In a second year,
significant differences occurred in mid-July at the 30-60 cm soil depth, which decreased
soybean yield by 11%. Vaughan and Evanylo (1998) reported that rye desiccated late (one
week before corn planting) had greater soil water compared to early desiccated rye (four
weeks before corn planting) in one of two years. They attributed higher soil water content to
8the almost double the biomass produced by the late desiccated rye that conserved more water
by mulching.
In a study by Moschler et al. (1967), winter cover crops were tested for the effects on
soil water and corn yield. Cover crops were desiccated a minimum of 10 days before corn
planting. During the study years rainfall was below average. In the first year from the 0-60
cm soil depth soil water content for corn grown in rye mulch was higher compared to soil
from corn with no rye. In year 2, winter rye mulch had 27% soil water content compared to
17% soil water content in conventional tillage on 23 June from the 0-60 cm soil depth. By
11 Aug., soil water content was similar between the rye mulch and the conventional tillage
treatments. In year 3, soil water content in the rye mulch treatment was compared to soil
moisture in rye that was removed from the site treatment (Moschler et al., 1967). Soil water
content in the rye mulch treatment was 5% higher than the moisture in the treatment where
rye was removed on 1 June. Those differences decreased until 25 July, when soil water
content was similar for both treatments. Moschler et al. (1967) concluded that soil water
content conserved from the rye mulch accounted for the 44% increase in corn yield, averaged
over eleven location years.
Campbell et al. (1984) measured soil water content using conservation tillage for corn
production with a rye cover crop. They compared a treatment that had no cover crop and was
maintained weed free to a treatment in which winter rye was planted in the fall and
desiccated with a herbicide following planting. The no cover crop treatment had 19% more
soil moisture at 15 days after planting and a 7% higher corn yield compared with the cover
crop treatment. Campbell et al. (1984) also compared a no cover crop treatment with rye
growing between the corn rows with and without a herbicide, that was partially displaced
9during planting. All of the cover crop treatments had similar soil moisture but had 5.8 cm
less available water 15 days after corn planting compared with the no cover crop treatment.
The cover crop treatments yielded 20% (herbicide) and 36% (no herbicide) less than the no
cover crop treatment.
Controlling Cover Crops Mechanically
In order to reduce competition cover crops require control when used with summer
annual cash crops. In a self-seeding cover crop system, an adequate amount of seed is
required to propagate the cover crop. This must be balanced with the minimum level of
competition from the cover crop. Competition by the cover crop can be controlled by either
mechanical or chemical methods. Herbicide can be used to kill or suppress cover crops with
high efficacy (Sarrantonio and Scott, 1988; Ashford and Reeves, 2003).
Several mechanical methods are available to terminate or suppress growth of a cover
crop. A common method is to incorporate the cover crop into the soil with a disc or a
moldboard plow (Creamer et al., 1995). Rotary type mowing can also be used to suppress
cover crop growth if performed at the right growth stage (Dabney et al., 1991; Hoffman et
al., 1993). Flail type mowers are more effective than rotary type mowers at terminating
cover crops because they can cut closer to the soil surface and leave a more uniform residue
cover on the soil surface (Creamer and Dabney, 2002). Dabney and Griffin (1987) reported
that a 90% kill of wheat could be achieved with a flail type mower at heading. Wilkins and
Bellinder (1996) conducted an experiment to determine the regrowth biomass of wheat and
rye after mowing at several growth stages. Both the wheat and rye were mowed at four
stages and regrowth shoot biomass was measured four and eight weeks after mowing. They
reported that mowing with a sickle bar height of 10 cm after heading markedly reduced the
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amount of wheat and rye regrowth biomass. They also reported that mowing before the boot
stage regrowth developed from undamaged tillers and after the boot stage regrowth
developed from secondary tillers, which suggests that the boot stage is the point when
regrowth is reduced significantly. Wilkins and Bellinder (1996) also concluded that wheat
and rye should be seeded in the fall when mowing is used for control because flowering
occurs earlier in the spring compared with spring planted cover crops. They also suggest
using high seeding rates to decrease tiller density, uniform seeding depth for uniform growth,
and nutrient poor soils in the early spring, which reduce the ability of the cover crop to
recover after control.
Creamer and Dabney (2002) concluded that rolling and roll-chopping cover crops
compared with mowing cover crops can create longer residual surface mulch that can provide
extended weed suppression. In an earlier study by Creamer et al. (1995), the mulch layer
from sickle bar mowing and undercutting was 10-13 cm thick compared with flail mowing,
which was 2.5-5.0 cm thick. Creamer et al. (1995) measured weed populations and biomass
and found no difference between sickle bar mowing and undercutting, but sickle bar mowing
and undercutting had less weed biomass compared with the clean tilled and flail mower
treatments. They also concluded that rolling or roller chopping a hairy vetch cover crop is
more effective at later kill dates (late bloom) compared with early kill dates (early bud).
Creamer and Dabney (2002) also stated that cover crop regrowth after mowing may not
reduce yield of the cash crop. They suggest that a low cutting height and later growth stages
increase the efficacy of killing cover crops. Rolling and roll chopping have also been found
to be faster and less expensive than mowing (Creamer and Dabney, 2002).
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Westgate et al. (2005) planted soybean into rye and used a rolling stalk chopper for
control. They reported a 60% decrease in rye tiller numbers between second node and boot
treatments and found that rye delayed soybean maturity and reduced dry matter accumulation
compared to a no rye control. In the same study, Singer and Kohler (2005) controlled rye
chemically and mechanically at second node, boot, flowering, and a no cover crop check in
soybean. They found no yield difference in the mechanically controlled treatments, however,
all treatments were different from the no cover crop check. Soybean yield decreased 60% in
one year and 31% in the second year in the mechanical timing treatments compared with the
no cover crop check.
Ashford and Reeves (2003) used a mechanical roller-crimper at flag leaf, anthesis,
and soft dough to kill wheat and rye cover crops. The roller crimper killed 16% and 26% of
rye and wheat at flag leaf, 74% and 81% for both species at anthesis, and 95% for both at soft
dough, compared to glyphosate, which killed 95% of wheat and rye at all growth stages. De
Bruin et al. (2005) controlled rye by flail mowing, glyphosate, or both. At early mowing
dates (May 1), regrowth was not significantly reduced compared to the uncut rye when
sampled in June. The early mowing date produced 6.3 Mg ha-1 of rye regrowth biomass and
was similar to the uncut rye. Delayed mowing (May 20) reduced regrowth biomass to 2.1
Mg ha-1.
Effects of Cover Crops on Crop Growth
In a study by Johnson et al. (1998), winter rye planted as a cover crop reduced corn
yield 1.6 Mg ha-1 compared with the no cover crop check. The rye was overseeded into
soybean using a drop spreader at 3.8 x 106 seeds ha-1 in mid-Aug.. At corn planting,
glyphosate was applied to kill the rye. Corn was planted into the rye straw at 84,000 seeds
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ha-1. Desiccated rye residue resulted in corn stress during early vegetative growth and
lowered yields. They also hypothesized that the corn yield reduction might have occurred
because of lower soil temperature, nutrient availability, or allelopathic effects, but not
because of soil water content. Karlen et al. (1987) stated that early vegetative stress in corn
could reduce yield potential by stressing corn plants while reproductive structures are being
initiated.
Eckert (1988) seeded rye after soybean harvest and chemically desiccated it after no-
tillage planting corn in the spring. Corn stands were lowered in the rye residue compared to
the no cover crop check and the author concluded poor seed-to-soil contact and seedling rot
in no-tillage corn following corn or soybean reduced corn density (Eckert, 1988). Eckert
(1988) hypothesized that the reduction in corn stand density reduced yield because in years
that corn density was similar with or without rye, no difference in corn yield was observed.
Eckert (1988) concluded that a winter rye cover crop in no-tillage continuous corn and corn-
soybean system resulted in a thick mulch layer of rye residue on the soil surface that could
interfere with corn planting, lowering corn stand densities and grain yield.
Some studies show decomposing rye residues have allelopathic effects on other plant
species, reducing their growth and development (Rice, 1995; Shilling et al., 1986). In a study
by Kessavalou and Walters (1997), rye was planted into soybean stubble and terminated with
glyphosate before corn planting. They noted a small decrease in corn yield and hypothesized
it was from allelopathic toxicity. Evidence of the allelopathic effect was reported by Wojcik-
Wojtkowiak et al. (1990) in a greenhouse study. They determined rye has the greatest
allelopathic effect during its early growth stages. Kessavalou and Walters (1997) reported air
temperatures were cooler than average during the study, which delayed rye growth and
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development. Rye was terminated at an earlier growth stage, potentially increasing the
allelopathic toxicity to the germinating corn seedlings.
Purvis (1990) conducted a study comparing the effects of undecomposed and partially
decomposed wheat residues at an application rate of 5 Mt ha-1 on wheat yield. Purvis (1990)
reported that undecomposed wheat residue decreased wheat grain yield 0.55 Mt ha-1, while
decomposed wheat residue had no effect on wheat yield compared to the no residue check.
Purvis (1990) stated that wheat plants could appear nutrient deficient because of
undecomposed cover crop residue and that no amount of fertilizer could overcome the
nutrient deficiency. Undecomposed wheat residues can have an allelopathic effect, which
may result in the delayed growth and development of wheat (Purvis 1990). Purvis (1990)
also reported that the allelopathic effects of wheat residues can vary among cultivars.
A study by Tollenaar et al. (1993) compared the influence of the residue from one
wheat and four rye cultivars on corn growth and development. The cover crops were planted
in the fall and mowed before corn planting in the spring. Corn was planted immediately after
the soil was rototilled. Tollenaar et al. (1993) found no correlation between yield reduction
and the amount of spring biomass of the cereals that were present before corn planting. By
increasing the N level by 75 kg N ha-1, some of the yield reduction was alleviated. Tollenaar
et al. (1993) concluded that the yield reduction by a preceding cereal cover crop (wheat and
rye) is due to delayed corn growth and development. Delayed corn growth and development
was related to the quantity of cereal biomass at corn planting, N deficiency due to
immobilization, and allelopathic effects (Tollenaar et al., 1993). They found that increasing
N rates produced inconsistent results, however, they found that cover crop residue decayed
faster with higher rates of N. Other studies report similar corn grain yields following a
14
winter rye cover crop or a no cover crop control when a non-limiting amount of N was
applied to corn (Ebelhar et al., 1984; Blevins et al., 1990).
Vaughan and Evanylo (1998) compared the timing of cover crop desiccation. When
rye cover crops were desiccated four weeks before corn planting compared to one week
before corn planting, grain yields were increased to 4.51 Mg ha-1 from 2.36 Mg ha-1. They
determined that the yield difference was due to N availability and not soil water
relationships.
Self-Seeding Legume Systems
The use of annual cover crops is costly because of annual seeding costs. A self-
seeding cover crop may eliminate annual seeding costs. Kumwenda et al. (1993) established
crimson clover in October by drilling 28 kg seed ha-1. In the spring, crimson clover was
killed with paraquat in strips over the corn row at 0, 25, 60, 80, 95, or 100% of the total area.
The different kill areas were controlled early (2 weeks prior to corn planting) and late (at
corn planting). Kumwenda et al. (1993) found that reseeding crimson clover did not reduce
corn yield in a living mulch system when comparing 100% versus 60-80% crimson clover
kill area. After killing 60-80% of the crimson clover, depending on the year, enough
reseeding occurred to produce 100% ground cover by the following spring. A significant
reduction in the reseeding potential of the crimson clover was evident if more than 80% of
the clover was killed early. Overall, 60% of the clover could be killed and produce the same
reseeding potential as the treatment with zero kill. In most of the years of the 3 year study,
clover that was killed early did not reseed as well as the clover that was killed at corn
planting. Killing 25-95 % of the crimson clover compared to the conventional practice of
killing 100% of the clover at planting did not affect corn grain yields. Kumwenda et al.
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(1993) also found only 7 mm less water use when killing clover early compared to late. They
noted that the early kill treatments had a greater number of weeds at corn planting and
concluded that the high weed density might reduce the water savings gained by killing early.
Corn stand density was also measured and they found a stand reduction in the later killed
clover compared with the earlier killed treatments, but corn yield tended to be higher in the
later killed treatments, which the authors attributed to higher weed densities in the early
killed clover.
Myers and Wagger (1991) found that corn grain yield was greater in treatments that
had crimson clover as a self-seeding cover crop versus a control treatment with no cover
crop. The crimson clover was grown in strips between corn rows and was allowed to
produce seed. After the crimson clover reseeded itself, 83% to 98% of the ground was
covered by crimson clover at corn planting. Corn in the crimson clover treatments exhibited
less water stress and also had lower soil temperatures. Corn yield from the annually seeded
crimson clover compared to the self-reseeding crimson clover treatments was 38% lower,
which was attributed to the water conserving mulching effect.
Ranells and Wagger (1991) investigated management effects of crimson clover on
corn yield. Crimson clover was drilled in the fall at 17 kg ha-1 and in the spring 25, 50, and
75% of the row area was killed parallel and perpendicular to the corn row. Clover strips
were also killed as an early and late treatment, which were about two weeks prior to and at
corn planting. Ranells and Wagger (1991) concluded that corn yield was effected more by
percent area killed compared to strip management or orientation. The 75% kill treatment
yielded 15% more corn compared to the 50% and 25% kill treatments, which were similar
(Ranells and Wagger, 1991). Ranells and Wagger (1991) found that early season corn
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growth was affected by clover strip management. Corn was taller in the early desiccated
crimson clover treatments. Once corn height exceeded the cover crop height, corn heights
were similar among all treatments. Ranells and Wagger (1991) also found that crimson
clover mulches conserved water with frequent rains but did not help during a prolonged dry
period.
Self-Seeding Winter Cereal Grain Systems
Singer et al. (2007) drilled wheat, rye, and triticale in the fall after corn harvest and
allowed the winter cereals to self-seed in soybean the following year. Mechanical control
with a rolling stalk chopper was used in certain treatments at Feekes growth stages 10.3,
10.1, and 8.0 (Zakoks et al., 1974) for rye, triticale, and wheat, respectively. Six treatments
were included in the experiment, which also included a no cover crop check. If the treatment
was designated by 4-row or 2-row, two or four cover crop drill rows were present between
the 76 cm spaced soybean rows. The first treatment was 4-row-early (4RE) which had
mechanical control in May and a glyphosate band in Apr. and June. The second treatment, 4-
row-late (4RL) received mechanical control in May and a glyphosate band in June. Four-row
(4R) only received mechanical control in May. Two-row no-chop (2RNC) received no
mechanical control but did receive a glyphosate band in June. Two-row (2R) received
mechanical control in May and a glyphosate band in June. The no cover crop check
treatment was maintained weed free the entire growing season.
They reported that biomass prior to soybean planting from rye (566 g m-2) was greater
in one year compared to wheat (443 g m-2) and triticale (443 g m-2), but in the second year
rye (598 g m-2) and triticale (504 g m-2) had similar biomass with wheat (437 g m-2)
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producing less biomass. Biomass at cover crop maturity was similar among species (630 and
370 g m-2) in both years of the study.
Singer et al. (2007) also reported that seed density at cover crop maturity was similar
among species in year one with (10,656 seeds m-2) and in the second year, wheat seed density
was higher (5070 seeds m-2) compared to rye and triticale (3542 seeds m-2). Seed density
was greatest in the two-row no chop treatment in both years. In one year seed production in
the four row late glyphosate and two row treatments was (9895 seeds m-2) and seed
production was lower in the four row early glyphosate and four row treatments at 6574 seeds
m
-2
. In the second year, all treatments except the two row no chop had similar seed
production (1436 seeds m-2). Generally, species and treatments with the most seed
production yielded the highest number of self-seeded plants m-2.
Singer et al. (2007) reported that soybean yield was similar among cover crop
species, but treatment was significant. The check treatment had the greatest soybean seed
yield at 4019 kg ha-1, while yield losses ranged from 17 and 21% in the 4RE and 4RL to 63
and 55% in the 4R and 2RNC. Singer et al. (2007) reported that the cover crops successfully
self-seeded in the fall after soybean harvest. The original density of the cover crops was 147,
113, and 113 in one year and 157, 138, and 124 plants m-2 in the second year for wheat,
triticale, and rye, respectively. The 2RNC management system had the highest self-seeding
ability and was succeeded by 4RL, 2R, 4R, and 4RE. Wheat had greater self-seeding (45-50
plants m-2) followed by triticale and rye, which had similar densities at 12-22 plants m-2.
Light Interception
Wallace et al. (1992) measured light interception of wheat relay intercropped with
soybean. Light transmissions on 30 May in year one and 7 June in the second year, were 48
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and 70% compared to the no cover crop check. They found that the decrease in light
transmittance to the emerging soybean seedlings affected early season growth by elongating
lower internodes and smaller main-stem diameters. Soybean exhibited no difference in
internode and stem diameter in one year of the study after soybean exceeded wheat stubble
height. Soybean yields were not different between the intercropped soybean compared to the
control treatment (Wallace et al., 1992).
Westgate et al. (2005) used a rye cover crop in soybean with chemical and
mechanical control dates at second-node, boot, anthesis, and a no cover crop check treatment.
Light interception collected from June to Sept. increased as rye was controlled at later growth
stages, but the no cover crop check always had the greatest light interception. Soybean
intercepted 51, 72, 91, and 94% in one year and 67, 75, 94, and 97% in the second year, in
mid-Aug. in the chemical second-node, boot, anthesis, and check treatments. In late July, rye
in the mechanical control treatments intercepted 34, 17, and 13% in year one and 16, 13, and
11% in year two in the second-node, boot, and anthesis treatments, respectively. Westgate et
al. (2005) reported that in mid-Aug. in the mechanical treatments, soybean intercepted 45,
53, 52, and 96% in one year and 72, 70, 73, and 95% in the second year in the second-node,
boot, anthesis, and check treatments, respectively.
Tharp and Kells (2001) studied corn population and row spacing effects on light
interception and common lambsquarters (Chenopdium album) growth. They found light
interception increased with increased population and interception increased as corn growth
increased. Tharp and Kells (2001) also reported as light interception in the corn increased,
common lambsquarters biomass decreased because of competition for light, water, and
nutrients by corn.
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The objectives of this study were to 1) evaluate the temporal dynamics of self-seeded
small cover crop establishment, growth, seed production, and self-seeding following corn as
the residual of previous management treatments (Singer et al., 2007), and 2) evaluate the
effect of self-seeding cover crops on light interception in corn, corn yield and yield
components, and competition for N.
20
Chapter 3: Self-Seeding Cover Crop Establishment and Growth in a
Soybean-Corn Rotation
A paper to be submitted to the Agronomy Journal
Paul B. McDonald, Jeremy W. Singer, and Mary H. Wiedenhoeft
Abstract
Cover crops provide environmental benefits, yet adoption in agronomic farming
systems is low. Winter rye (Secale cereale L.), wheat (Triticum aestivum L.), and triticale (x
Triticosecale Wittmack) were used to develop self-seeding cover crop systems in a soybean
[Glycine max (L.) Merr.]-corn (Zea mays L.) rotation. Winter cereals were seeded in two or
four 19-cm rows between each future 76-cm soybean row. Management systems in soybean
were four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two rows
adjacent to the soybean row and mechanical control, four rows with mechanical control
(4RNB) only, two rows with mechanical control (2RB), and two rows with no mechanical
control (2RBNC). These residual treatments were managed in corn the following year to
promote self-seeding using chemical and mechanical control. In both corn years, treatment
2RBNC in rye increased in plant density until late October, while wheat and triticale
treatments were at final plant densities following soybean harvest in 2004. In 2005, wheat
plant density increased until one week after soybean harvest. The winter cereal cover crops
self-seeded enough to produce green ground cover of 29% in treatment 2RBNC in the late
fall of 2004, while all other treatments had 15% green ground cover. Wheat treatments in
late fall of 2005 had between 36 and 61% green ground cover, which could reduce erosion
significantly. The cover crop self-seeded adequately after soybean, but after two years few
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cover crop plants established after corn. Additional research could be conducted to develop
less competitive treatments with more effective self-seeding techniques to minimize seed
production by the cover crop and maximize seed establishment in the fall.
Introduction
Cover crops provide environmental benefits that include reducing erosion, increasing
soil organic matter, improving chemical and physical soil properties, weed suppression,
insect and disease management, and reducing nitrate leaching (Hartwig and Ammon, 2002;
Sarrantonio and Gallandt, 2003). Despite these benefits, cover crop adoption is low (Snapp
et al., 2005), because of a limited fall and spring growing season for the cover crop after cash
crop harvest and before planting (Snapp et al., 2003); delayed cash crop planting because of
cooler soil temperatures (Stivers-Young and Tucker, 1999); decreased net returns (Reddy,
2003), yield depression (Eckert, 1988; Johnson et al., 1998; Kessavalou and Walters, 1997;
Tollenaar et al., 1993); and indirect results, such as delayed soil warming and unpredictable
N release (Snapp et al., 2005).
To maintain cash crop yield, cover crop growth and regrowth while grown
concurrently with soybean has to be minimized (Westgate et al., 2005) to preserve soil water
and nutrients for the cash crop. Wilkins and Bellinder (1996) conducted an experiment
determining the regrowth biomass of wheat (Triticum aestivum L.) and rye (Secale cereale
L.) cover crops after mowing at several growth stages. Both the wheat and rye were mowed
at four stages and regrowth shoot biomass was measured four and eight weeks after mowing.
They reported that mowing with a sickle bar height of 10 cm after heading markedly reduced
the amount of wheat and rye regrowth biomass. Creamer and Dabney (2002) concluded that
rolling and roll-chopping cover crops compared with mowing cover crops can create longer
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residual surface mulch that can provide extended weed suppression. Creamer and Dabney
(2002) also stated that cover crop regrowth after mowing may not reduce yield of the cash
crop. They suggest that a low cutting height during later growth stages increases the efficacy
of killing cover crops. Rolling and roll chopping have also been found to be faster and less
expensive than mowing (Creamer and Dabney, 2002). De Bruin et al. (2005) planted a rye
cover crop after corn (Zea mays L.) in a corn-soybean [Glycine max (L.) Merr.] sequence
with rye and soybean growing concurrently. They reported that no soil water content
differences occurred between the rye treatments and the no cover crop check in one year
from the 0-45 cm soil depth after 6 June. In a second year, which was drier, significant
differences occurred in mid-July at the 30-60 cm soil depth, which decreased soybean yield.
Singer et al. (2007) reported that winter wheat, rye, and triticale cover crops
successfully self-seeded in the fall after soybean harvest. The original density of the cover
crops was 147, 113, and 113 plants m-2 in one year and 157, 138, and 124 plants m-2 in the
second year for wheat, triticale, and rye, respectively. The 2RBNC (Table 1) treatment had
the highest self-seeding ability and was succeeded by 4RLB, 2RB, 4RNB, and 4REB. Wheat
had greater self-seeding establishment (45-50 plants m-2) followed by triticale (x
Triticosecale Wittmack) and rye, which had similar densities at 12-22 plants m-2.
Kumwenda et al. (1993) established crimson clover in October by drilling 28 kg seed
ha-1. In the spring, crimson clover was killed with paraquat in strips over the corn row at 0,
25, 60, 80, 95, or 100% of the total area and at either two weeks prior to corn planting or at
corn planting. They found that reseeding crimson clover did not reduce corn yield in a living
mulch system when comparing 100% versus 60-80% crimson clover kill area. After killing
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60-80% of the crimson clover enough reseeding occurred to produce 100% ground cover by
the following spring.
Studies have demonstrated that legumes can be used in a self-seeding system
(Kumwenda et al., 1993; Myers and Wagger, 1991; Ranells and Wagger, 1991), but few
studies have used winter cereals as a self-seeding cover crop (Singer and Kohler, 2005;
Singer et al., 2007). In an ideal system, a cover crop could be grown with a cash crop
without reducing yield and self-seed itself to eliminate the cost and risk of annual seeding in
the fall. The objective of this study was to determine the timing and extent of self-seeding
using different winter cereal cover crops, biomass production, ground cover, and N
accumulation following residual treatments established during soybean and followed through
corn in a soybean-corn production system.
Materials and Methods
Field studies were conducted at the Agricultural Engineering Research Center near
Ames, IA (42°01' N, 93°45' W; 341 m asl), from Oct. 2004 through Nov. 2006. The soil
during the study period was a Spillville loam (fine-loamy, mixed, superactive, mesic,
Cumulic Hapludolls). The field site was managed in a soybean-corn sequence using no-
tillage. Soil test levels in the top 20 cm soil depth in 2004 were 17 mg kg-1 P, 80 mg kg-1 K,
and a pH of 6.6 and in 2005 were 20 mg kg-1 P, 115 mg kg-1 K, and a pH of 6.5. Nitrogen, P,
and K were surface applied on 2 Apr. 2005 and 17 Apr. 2006 at a rate of 35, 39, and 74 kg
ha-1, respectively.
The experimental design was a randomized complete block with treatments arranged
in a split-plot with four replicates. Species main plots were wheat (‘Karl 92’), rye (‘Rymin’),
and triticale (‘Décor’ in 2004 and ‘Kitaro’ in 2005) that self-seeded through seed rain after
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maturity and the physical disturbance caused by combining soybean on 29 Sept. 2004 and 3
Oct. 2005. Subplots were the residual of the previous cover crop management systems
(Table 1) and a no cover crop check. The species main plots were originally planted at
2,470,000 seeds ha-1 on 25 Sept. 2003 and 9 Oct. 2004 using a Marliss (Marliss
Division/Sukup Manufacturing Company, Jonesboro, AR) grain drill with 19-cm row widths.
Broadleaf chemical control occurred in Nov. 2004 with dicamba (3,6-dichloro-O-anisic acid)
and 2,4-D amine (2,4-dichlorophenoxyacetic acid) at application rates of 0.28 kg a.i. ha-1 and
0.27 kg a.i. ha-1, respectively.
Cover crop emergence was counted weekly from 6 Oct. through 11 Nov. in 2004 and
5 Oct. through 18 Nov. in 2005 in a 2.3 m2 permanent quadrat. Quadrats were randomly
placed between two former 76-cm non-trafficked soybean rows. Cover crop dry weight and
tiller density was determined on 20 Nov. 2004 and 21 Nov. 2005 from two 0.25 m2 quadrats
in each subplot. Shoot biomass was clipped at the soil surface and dried in a forced-air oven
at 70oC until constant weight. Digital images were taken with a First Growth camera
(Decagon Devices, Inc., Pullman, WA) on 14 and 21 Nov. 2004 and 19 Nov. 2005, 1 m
above the soil surface and analyzed for green ground cover using a grid matrix with 100
sample points in each picture.
Cover crop tiller density and shoot biomass were measured on 13-14 Apr. 2005 and
17 Apr. 2006 in two 0.25 m2 quadrats in each subplot. Shoot biomass was dried in a forced
air oven at 70oC until a constant weight was achieved. Shoot biomass samples were ground
to pass through a 1-mm sieve and analyzed for total N concentration using the Dumas
combustion method (AOAC Method 990.03).
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Chemical control of cover crops was performed on 15 Apr. 2005 and 24 Apr. 2006
using glyphosate [N-(phosphonomethyl)glycine] (Roundup WeatherMax) in a 25-cm band
over the corn row at an application rate of 1.1 kg a.i. ha-1. Dekalb brand ‘DKC 53-33’ corn
was planted on 18 Apr. 2005 and 20 Apr. 2006 using a John Deere (Deere and Company,
Moline, IL) no-tillage planter equipped with Sukup brand row cleaners (Sukup
Manufacturing Co., Sheffield, IA) at a population of 86,487 seeds ha-1 using a 76-cm row
spacing. Mechanical control of cover crops was achieved using a Buffalo rolling stalk
chopper (Fleischer Manufacturing Inc., Columbus, NE) with one pass in the corn interrow on
23 May 2005 and 19 May 2006. Chemical control of broadleaf weeds was performed on 31
May 2005 and 2006 using Buctril (3,5-dibromo-4-hydroxybenzonitrile) at an application
rate of 0.42 kg a.i. ha-1. Nitrogen was injected as urea ammonium nitrate at 212 kg N ha-1 on
13 June 2005 at V5 and 24 May 2006 at V2 in corn (Ritchie et al., 1992).
At Feekes growth stage 11.4 (Zadoks et al., 1974) shoot biomass and spike counts
were obtained in a 0.76 m2 area in each subplot. Wheat, triticale, and rye were sampled at
grain maturity on 10, 13, and 28 July in 2005, and 13, 31, and 31 July in 2006, respectively.
Cover crop shoot biomass and grain were separated, dried in a forced-air oven at 70oC,
ground to pass a 1-mm sieve and analyzed for total N concentration. Cover crop densities
were recorded on 19 Nov. 2005 and 4 Nov. 2006 using a 2.3 m2 quadrat. Statistical analysis
was conducted using PROC MIXED (SAS, SAS Inst.) version 9.1 with block and block by
species as random variables and cereal species and treatment as fixed variables. A first order
autoregressive model was used for the repeated measures cover crop establishment data. A
Fisher’s protected LSD (alpha = 0.05) was used to test significant differences for species and
treatment means.
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Results and Discussion
Self-Seeding Cover Crop Establishment after Soybean
2004
Cover crop establishment data were collected weekly in the same location after
soybean harvest. The number of plants m-2 did not significantly change during the fall
sampling dates, indicating that the cover crops were fully established at soybean harvest
except for treatment 2RBNC in rye, which was the only treatment that continued to increase
until 28 Oct. in 2004 and 19 Oct. in 2005. Cover crop establishment data are presented by
year because of a significant year effect. Date, species, and treatment main effects were
significant, but no species by treatment interactions were detected. The 2RBNC treatment
was the only treatment that differed from the other treatments for rye and triticale, while
treatments for wheat showed higher plant densities compared with triticale and rye (Fig. 1).
Rye treatment 4RNB plant density increased from 6 to 28 Oct., while the 2RBNC increased
each week from 6 to 28 Oct., when plant densities plateaued. The wheat 2RBNC treatment
had the highest plant density (66 plants m-2), while treatment 4REB (44 plants m-2) was
intermediate and treatments 4RLB, 4RNB, and 2RB treatments were similar at 27 plants m-2.
Rye and triticale 4REB, 4RLB, 4RNB, and 2RB treatments had lower plant densities (5
plants m-2) than the same treatments in wheat.
2005
A date by species by management system interaction occurred for cover crop
establishment after soybean (Fig. 1). Wheat plant densities in the 2RBNC treatment
increased from 5 Oct. to the 12 Oct. sampling date. Rye (2RBNC) and triticale (4REB) plant
densities increased from 5 to 19 Oct.. During the period from 5 Oct. to 18 Nov. 2005 in
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wheat, the 2RBNC, 4RNB, and 4RLB treatments had similar plant density (57 plants m-2)
and the 2RB and 4REB treatments also had similar plant density (33 plants m-2) for the same
period. Rye 4REB, 4RLB, 4RNB, and 2RB had 2 plants m-2 and triticale had 12 plants m-2.
The rye 2RBNC (increasing from 35 plants m-2 to 48 plants m-2) and triticale 2RBNC (57
plants m-2) had higher plant densities than all other treatments in triticale and rye. The wheat
and triticale 2RBNC treatment were similar from 5 Oct. (53 plants m-2) through 18 Nov. (57
plants m-2), while rye was lower from 5 (35 plants m-2) through 12 (40 plants m-2) Oct. and
was similar to wheat and triticale on 19 Oct. (47 plants m-2).
In both years the 4REB, 4RNB, and 2RB followed similar trends with wheat having
the highest plant density and triticale and rye having similar lower densities. Treatment
2RBNC had the highest self-seeding establishment for wheat, rye, and triticale compared to
most treatments during both years because of significantly higher seed production compared
with all other treatments (Singer et al., 2007). Wheat exhibited the greatest self-seeding
ability in year two, which was likely because of the timing of mechanical control prior to
soybean planting (Singer et al., 2007), which favored regrowth and seed production of wheat.
Wheat could have also established at higher densities than rye and triticale because of greater
seed viability. Kumwenda et al. (1993) found that after 60-80% of the crimson clover was
killed, enough reseeding took place to produce 100% ground cover in the spring depending
on the year. Unlike the Kumwenda et al. (1993) study, in the current study 30% of the area
of winter cereals was controlled with a herbicide at corn planting and the remainder of the
cover crop was mechanically controlled at Feekes growth stages 10, 10.5, and 10 for wheat,
rye, and triticale, respectively (Zadoks et al., 1974).
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Cover Crop Tiller Density
2004-05
After soybean harvest fall and spring tiller densities had significant species and
treatment effects but no species by treatment interaction (Table 3). Wheat had the highest
tiller density in the fall and spring at 67 and 339 tillers m-2, respectively, while rye and
triticale tiller densities were similar in the fall and spring at 36 and 166 tillers m-2,
respectively. In the fall, treatments 4REB, 4RLB, 4RNB, and 2RB were similar at 34 tillers
m-2, while the 2RBNC was higher at 99 tillers m-2. In the spring, treatment 2RBNC was
highest at 346 tillers m-2, while treatments 4REB, 4RNB, and 2RB were similar at 207 tillers
m
-2
. Treatments 4RLB and 4RNB were intermediate at 178 tillers m-2. Singer and Kohler
(2005) reported rye self-seeded fall tiller density of 237 tillers m-2 in one year, averaged
across treatments, and 43, 86, and 118 tillers m-2 in another year after mechanical control at
the second node, boot, and anthesis growth stages, respectively.
2005-06
A species by treatment interaction occurred for fall and spring tiller densities (Table
4). In the fall, wheat treatments 4REB, 4RNB, and 2RBNC were similar at 187 tillers m-2,
while treatments 4RLB and 2RB were lower at 105 tillers m-2. In the spring, the wheat
2RBNC and 4RNB treatments were similar at 281 tillers m-2, treatments 4RLB and 2RB
were also similar at 191 tillers m-2, while treatment 4REB was intermediate. Rye and triticale
treatment 2RBNC had the highest densities at 152 tillers m-2, while 4RLB, 4REB, 4RNB, and
2RB were significantly lower at 29 tillers m-2. In rye, the 4RLB, 4REB, 4RNB, and 2RB
treatments were similar at 25 tillers m-2, treatment 2RBNC was significantly higher at 194
tillers m-2. Spring tiller densities in triticale in the 2RBNC had 238 tillers m-2, while 4RNB
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and 2RB had the lowest density at 82 tillers m-2 and all other treatments were intermediate.
Treatment 2RBNC consistently had the highest tiller density across species. Wheat and
triticale 4RLB was similar at 200 tillers m-2 and 4REB was similar at 174 tillers m-2, while
rye 4RLB and 4REB was lower at 20 tillers m-2. Treatment 4RNB had 260 tillers m-2 
compared to the rye and triticale 4RNB treatment at 48 tillers m-2. In treatment 2RB, wheat
and triticale were similar at 119 tillers m-2 and rye and triticale were similar at 62 tillers m-2.
In both years the 2RBNC treatment had the highest tiller density, which is consistent
with the plant density establishment data. Higher plant densities yielded higher tiller
densities m-2 for most treatments. Whaley et al. (2000) found the opposite with a decrease in
tiller production as densities of wheat increased. This is because the plant density for the
Whaley et al. (2000) study was higher than the plant densities we studied.
Ground Cover
2004
Green ground cover data after soybean were collected in the late fall at the end of the
cover crop growing season. Green ground cover was affected by species and treatment, but
no species by treatment interactions existed (Table 3). Averaged across treatment, wheat had
the highest ground cover at 24%, while rye and triticale had 15% ground cover. Averaged
across species, treatment 2RBNC had the greatest ground cover at 29%, while 4REB, 4RLB,
4RNB, and 2RB treatments were similar at 15% ground cover.
2005
A significant species by treatment interaction occurred for green ground cover (Table
4). The fall 2005 growing season had greater ground cover because of generally increased
tiller numbers and biomass compared with fall 2004. Wheat treatment 2RBNC had the
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greatest ground cover at 61% and treatments 4RLB and 2RB had the lowest ground cover at
36% while all other treatments were intermediate. In rye and triticale, the 4RLB, 4REB,
4RNB, and 2RB treatments had similar ground cover (8%). Among treatments 4RLB,
4RNB, and 2RB, wheat had the highest ground cover at 45%, while rye and triticale were
similar at 7%. Treatment 4REB was similar in wheat and triticale at 23%, while triticale and
rye were similar at 10% ground cover.
Wheat, rye, and triticale treatment 2RBNC had the greatest ground cover, which
corresponds to a greater plant and tiller density in this treatment compared to the other
treatments. Most of the other treatments had lower ground cover compared with the 2RBNC
treatment. Using the revised universal soil loss equation (RUSLE) to calculate erosion rates,
erosion can be reduced by 30% with as little as 10% residue cover and can be reduced by as
much as 80% with 50% residue cover (Moldenhauser and Langdale, 1995). In all species
and treatments combinations in both years over 10% ground cover was achieved, but in 2005
wheat treatment 4REB and treatment 2RBNC in all species achieved over 50% ground cover,
which could lead to substantial reductions in soil loss.
Cover Crop Biomass
2004-05
Cover crop biomass was collected in the fall and at corn planting in the spring. Cover
crop biomass had a species by treatment interaction in the fall and spring of 2004-05 (Table
3). In the fall, wheat treatment 2RBNC had the highest biomass at 27 g m-2 while all other
treatments ranged from 7-12 g m-2 of biomass. Treatment 2RBNC (12 g m-2) was similar in
rye and triticale while 4REB, 4RLB, 4RNB, and 2RB in rye and triticale, were similar at 3 g
m-2.
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Biomass sampling occurred in the spring at were at Feekes growth stage 3 for all
species (Zadoks et al., 1974). Wheat spring biomass was highest in treatment 2RBNC (23 g
m-2), while 4REB, 4RNB, and 2RB were similar at 15 g m-2 and 4RLB (8 g m-2) was the
lowest. Wheat was similar to rye and triticale in the 4REB, 4RLB, 4RNB and 2RB
treatments at 12 g m-2. Rye 2RBNC had the highest biomass at 40 g m-2, while wheat and
triticale were similarly lower at 21 g m-2. Biomass followed a similar trend to plant
establishment, tiller density, and ground cover with treatment 2RBNC having the highest
biomass and most other treatments being lower.
2005-06
Fall cover crop biomass only exhibited treatment effects (Table 4). The 2RBNC
treatment had the highest biomass at 19 g m-2, while 4REB, 4RLB, 4RNB, and 2RB were
similar at 9 g m-2. Spring cover crop biomass had a species by treatment interaction (Table
4). At the spring biomass sampling, Feekes growth stages (Zadoks et al., 1974) for wheat,
rye, and triticale were 4, 5, and 4, respectively. Wheat spring shoot biomass in the 4REB,
4RLB, 4RNB, 2RBNC, and 2RB treatments was similar at 27 g m-2. In rye, 2RBNC biomass
was highest at 64 g m-2, while 4REB, 4RLB, 4RNB, and 2RB were similar at 2 g m-2. In
triticale, 2RBNC had the highest biomass at 35 g m-2, while 4REB, 4RLB, and 4RNB were
intermediate at 16 g m-2 and 2RB was the lowest at 3 g m-2.
Results from this study indicate that rye biomass at corn planting was highest in both
years for the 2RBNC treatment. Singer and Kohler (2005) reported self-seeded rye biomass
was 27.8g m-2 in the spring when mechanically controlled at Feekes growth stages second
node (7), boot (9.8), and flowering (10.51) at 27.8 g m-2 in one year, averaged over
treatments, and 52, 27.5, and 17.9 g m-2, respectively in another year, which is similar to
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certain rye treatments in this study. Tollenaar et al. (1993) found a corn yield reduction of 2-
16% with cover crops compared to the no cover crop check, but no correlation between yield
reduction and the amount of spring biomass of the cereals that was present before corn
planting.
Spring Cover Crop N Accumulation
2005
An interaction between species and treatment occurred for spring cover crop N
accumulation sampled at corn planting (Table 5). Wheat treatment 2RBNC accumulated 9.6
kg N ha-1, while 4REB, 4RNB, and 2RB were intermediate at 7.1 kg N ha-1 and 4RLB was
lowest at 3.8 kg N ha-1. Rye treatment 2RBNC had the highest accumulation at 16.1 kg N
ha-1, while treatments 4REB, 4RLB, 4RNB, and 2RB were similar at 5.7 kg N ha-1. Triticale
treatment 2RBNC had the highest accumulation at 8.7 kg N ha-1 while 4REB was an
intermediate and 4RLB, 4RNB, and 2RB were similar at 4.8 kg N ha-1.
2006
An interaction between species and treatment occurred (Table 5). Wheat treatments
4REB, 4RLB, 4RNB, 2RBNC, and 2RB were similar at 12.5 kg N ha-1. Rye treatment
2RBNC had the highest accumulation at 28.8 kg N ha-1, while treatments 4REB, 4RLB,
4RNB, and 2RB were similar at 1.2 kg N ha-1. Triticale treatments 2RBNC and 4RLB had
the highest accumulation at 14.6 kg N ha-1, while 4REB was intermediate and 4RNB and
2RB were similar at 3.1 kg N ha-1.
Treatment 2RBNC had the highest N accumulation in rye and triticale and also the
highest biomass. In wheat, N accumulation and biomass were similar among all treatments.
De Bruin et al. (2005) reported that a rye cover crop accumulated 38 and 43 kg N ha-1 in two
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years. This higher amount of N accumulation is expected because De Bruin et al. (2005)
mechanically planted the rye which had higher stand densities and greater biomass than our
study.
Cover Crop Biomass at Maturity
2005
Cover crop biomass was collected when each species reached physiological maturity.
Straw biomass had a species by treatment interaction (Table 6). In wheat and triticale, no
differences occurred among treatments and averaged 59.1 and 26.9 g straw biomass m-2. Rye
treatment 2RBNC had the highest straw biomass at 52.7 g m-2, while 4RNB and 4RLB were
intermediates at 27.1 g m-2 and 4REB and 2RB were lower at 2.2 g straw biomass m-2.
No differences occurred for species or treatments in spikes m-2, which averaged 74
spikes m-2 (Table 6). Seeds spike-1 had a species effect with triticale having the highest seeds
spike-1 at 9.7, while wheat and rye had 5.2 seeds spike-1.
2006
Straw biomass had a species effect with wheat and triticale being similar at 44.8 g
biomass m-2, while rye and triticale were also similar at 27.0 g biomass m-2 (Table 7).
Biomass production of the cover crops is far lower than production of wheat or triticale
grown for grain in similar environments, which can yield 2.43-4.03 Mg ha-1 (Blaser et al.,
2006). The reduction in cover crop biomass is desirable because it reduces competition for
resources with the cash crop.
A species effect occurred for cover crop spikes m-2 with wheat having the highest
number of spikes m-2 at 106.6 and rye and triticale being similar at 30.6 spikes m-2 (Table 7).
The amount of seeds spike-1 had a species by treatment interaction. All treatments were
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similar for wheat and rye at 4.8 and 2.3 seeds spike-1, respectively. Triticale treatment 4REB
had the highest number of seeds spike-1 at 16.3, while 4RLB, 4RNB and 2RBNC were
intermediate at 9.0 seeds spike-1 and 2RB was the lowest at 1.9 seeds spike-1.
2005-06
Years were statistically similar for seed mass m-2 and number of seeds m-2. An
interaction between species and treatment occurred for seed mass m-2 (data not presented).
Wheat treatment 2RB had the highest seed mass at 15.1 g seed m-2, while 4RLB and 4RNB
were intermediate at 10.8 g seed m-2 and 4REB and 2RBNC were lower at 6.8 g seed m-2. In
rye, 2RBNC had the highest seed mass m-2 at 8.4 g m-2, while 4REB, 4RLB, 4RNB, and 2RB
were lower at 0.9 g seed m-2. In triticale, all treatment seed mass were similar at 4.5 g seed
m
-2
. Averaged across species, 2RBNC seed mass m-2 was similar for wheat, rye, and triticale
at 7.1 g seed m-2. In treatments 4REB and 4RLB, wheat and triticale were similar at 6.4 and
7.9 g seed m-2, respectively, while triticale and rye were similar at 3.0 and 3.8 g m-2,
respectively. Wheat 4RNB and 2RB was the highest at 12.0 and 15.1 g m-2 of seed, while
triticale and rye were similar at 1.6 and 1.4 g m-2 of seed.
Seeds m-2 had a species by treatment interaction (data not presented). Within wheat,
treatment 2RB had the highest number of seeds m-2 at 1001 while intermediate treatments
4RLB and 4RNB had 743 seeds m-2 and 4REB and 2RBNC were lower at 539 seeds m-2. In
rye, 2RBNC had the highest number of seeds m-2 at 628 while 4REB, 4RLB, 4RNB, and
2RB were similar at 51 seeds m-2. In triticale, all treatments were similar at 348 seeds m-2.
Extension guide PM-1999 from Iowa State University suggests a seeding rate for winter
cereal cover crops at 321 seeds m-2 (Singer et al., 2005). This suggests that most species by
treatments combinations had ample seed for mechanical cover crop establishment.
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Nitrogen Accumulation in Cover Crops at Maturity
2005 and 2006
Year was not significant for N content in the straw at cover crop maturity so the data
were averaged across year. However, a species by treatment interaction occurred (Table 8).
Wheat treatment 4REB had the lowest N accumulation at 5.9 kg N ha-1, while intermediate
treatments 4RLB, 4RNB, and 2RBNC accumulated 8.1 kg N ha-1 and treatment 2RB
accumulated the highest amount of N at 9.8 kg N ha-1. In rye, treatments 4REB, 4RLB,
4RNB, and 2RB were similar at 2.3 kg N ha-1, while 2RBNC was higher at 9.7 kg N ha-1.
Triticale treatments 2RB and 4RNB accumulated the lowest amount at 2.5 kg N ha-1, while
treatments 4RLB and 2RBNC accumulated 7.0 kg N ha-1.
Nitrogen content in the grain exhibited a species by treatment interaction (Table 8).
Wheat treatment 2RB had the highest grain N accumulation at 5.2 kg N ha-1, while treatment
2RBNC and 4REB were the lowest at 2.6 kg N ha-1. Treatments 4RLB and 4RNB were
intermediate at 3.7 kg N ha-1. Rye treatments 4REB, 4RLB, 4RNB, and 2RB were similar at
0.3 kg N ha-1, while treatment 2RBNC was higher at 2.8 kg N ha-1. Triticale treatments were
all similar at 1.4 kg N ha-1.
Nitrogen accumulation was minimized by not allowing the cover crops to maximize
their full growth potential by chemical and mechanical control and shading by corn.
Nitrogen accumulation in the grain ranged from 0.1 to 5.2 kg N ha-1, while in the straw it
ranged from 1.1 to 9.8 kg N ha-1, which is a small quantity of N in corn production. Wheat
grain can remove 87 kg N ha-1 in a production system at a yield of 4.0 Mg ha-1 (Hansen,
1994). Cover crop N accumulation in this system probably did not excessively compete with
corn for N.
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Cover Crop Self-Seeding Establishment after Corn
Self-seeding abilities of the cover crops were similar across year. Species were
similar but treatments were different (Table 9). Treatments 4REB, 4RLB, 4RNB, and 2RB
were similar at 3.3 plants m-2, while treatment 2RBNC was higher at 5.4 plants m-2. Cover
crop self-seeding after corn was insufficient to provide the ecosystem benefits of a
mechanically seeded stand, even though seed number in certain treatments was high.
Conclusions
Cover crops self-seeded effectively after the first growing season in the 2RBNC
treatment for all species and the 4RNB treatment for wheat in both years. Winter cereal
cover crop treatments 2RBNC and 4RNB in this system could provide environmental
benefits for the mechanically seeded year and the first self-seeded year. Thus, the annual
cost of seeding could be eliminated in alternating years in systems where winter cereal cover
crops are being used. The winter cereal cover crops self-seeded well enough to produce
green ground cover of 29% in treatment 2RBNC in the late fall of 2004, while all other
treatments had 15% green ground cover. Wheat treatments in late fall of 2005 had between
36 and 61% green ground cover, which could reduce erosion. All treatments for wheat and
triticale had enough seed production by the cover crop to fully seed the next cover crop, but
additional research needs to address more efficient management of the cover crop seed to
improve cover crop densities after the second growing season. After the second growing
season cover crops were scarce at less than 5.4 plants m-2. Additional research could be
conducted to develop less competitive treatments with more effective self-seeding techniques
to minimize seed production by the cover crop and maximize seed establishment in the fall.
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Table 1. Cover crop treatment description and control dates.
Mechanical control date‡ Glyphosate band date††
Treatment† 2004 2005 2004 2005
4-row late-band (4RLB) 11 May 21 May 3 June 9 June
4-row early-band (4REB) 11 May 21 May 23 Apr., 22 June 10 May, 20 June
4-row no band (4RNB) 11 May 21 May - -
2-row band no-chop (2RBNC)
- - 22 June 20 June
2-row band (2RB) 11 May 21 May 22 June 20 June
†Two or four 19-cm rows between each 76-cm soybean row.
‡Mechanical control using a single pass with a rolling stalk chopper. Mean Feekes growth stages
on 11 May 2004 and 21 May 2005 were: rye 10.3, triticale 10.1, and wheat 8.0.
††Glyphosate was applied in a 25-cm band over the soybean row.
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Table 2. Mean monthly air temperature and rainfall near Ames, IA. Thirty year mean is from 1977-2006†.
Air temperature Rainfall
Month 2005 2006 Mean 2005 2006 Mean
____________________oC ____________________ _____________________ mm ____________________
Apr. 12.8 13.3 10.5 82 109 89
May 15.6 16.7 16.4 111 55 112
June 23.3 22.2 21.4 124 21 118
July 24.4 24.4 23.4 104 141 119
Aug. 22.2 22.2 22.0 172 157 122
Sept. 20.6 16.1 18.2 111 191 84
†NWS COOP site Ames 8WSW 41
Table 3. Cover crop species and treatment means for late fall cover crop biomass (FCCB), spring cover crop biomass (SCCB)
at corn planting, fall tiller density, spring tiller density, and late fall ground cover near Ames, IA, in 2004 and 2005.
Factor FCCB SCCB Fall tiller no. Spring tiller no. Ground cover
———— g m-2 ———— ________________ no. m-2 ________________ %
Species
Wheat 13 15 67 339 24
Rye 4 18 36 204 15
Triticale 6 13 38 127 14
LSD (0.05) NS† NS 13 110 7
Treatment‡
4-row early-band (4REB) 6 14 40 206 18
4-row late-band (4RLB) 4 9 26 151 13
4-row no band (4RNB) 4 13 32 205 13
2-row band no-chop (2RBNC) 17 27 100 346 29
2-row band (2RB) 6 13 39 209 15
LSD (0.05) 3 4 14 55 7
Species x Treatment
Wheat 4REB 11 15 64 340 31
Wheat 4RLB 7 8 38 224 16
Wheat 4RNB 7 15 48 323 18
Wheat 2RBNC 27 23 125 482 32
Wheat 2RB 12 15 59 327 23
Rye 4REB 2 13 25 159 12
Rye 4RLB 2 12 15 136 12
Rye 4RNB 2 13 22 164 12
Rye 2RBNC 12 40 99 376 28
Rye 2RB 2 12 20 185 11
Triticale 4REB 4 14 29 121 13
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Table 3. (continued)
Factor FCCB SCCB Fall tiller no. Spring tiller no. Ground cover
———— g m-2 ———— ________________ no. m-2 ________________ %
Triticale 4RLB 3 9 24 92 11
Triticale 4RNB 3 12 25 128 11
Triticale 2RBNC 12 20 72 180 26
Triticale 2RB 5 11 37 116 12
LSD (0.05)§ 5 6 NS NS NS
LSD (0.05)¶ 5 8 NS NS NS
† NS, not significant.
‡Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
were four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows
and mechanical control, four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC).
§ LSD (0.05) for comparing treatment means within species.
¶ LSD (0.05) for comparing treatment means across species.
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Table 4. Cover crop species and treatment means for late fall cover crop biomass (FCCB), spring cover crop biomass (SCCB)
at corn planting, late fall tiller numbers, spring tiller numbers at corn planting, and late fall ground cover near Ames, IA,
during the fall and spring of 2005 and 2006.
Factor FCCB SCCB Fall tiller no. Spring tiller no. Ground cover
———— g m-2 ——— __________ no. m-2 __________ %
Species
Wheat 16 27 155 256 46
Rye 5 14 39 79 18
Triticale 12 17 68 140 21
LSD (0.05) NS† 8 46 80 11
Treatment‡
4-row early-band (4REB) 10 15 85 138 24
4-row late-band (4RLB) 6 14 51 125 17
4-row no band (4RNB) 11 14 86 119 17
2-row band no-chop(2RBNC) 19 43 161 278 64
2-row band (2RB) 7 10 53 129 18
LSD (0.05) 7 9 25 41 11
Species x Treatment
Wheat 4REB 12 24 100 218 33
Wheat 4RLB 19 22 187 233 55
Wheat 4RNB 23 35 196 260 41
Wheat 2RBNC 13 30 179 302 61
Wheat 2RB 12 22 110 164 38
Rye 4REB 1 2 6 27 6
Rye 4RLB 1 0 11 14 1
Rye 4RNB 0 0 5 8 1
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Table 4. (continued)
Factor FCCB SCCB Fall tiller no. Spring tiller no. Ground cover
———— g m-2 ——— __________ no. m-2 __________ %
Rye 2RBNC 19 64 163 294 71
Rye 2RB 2 6 12 51 10
Triticale 4REB 7 16 46 129 14
Triticale 4RLB 10 24 58 168 16
Triticale 4RNB 10 8 58 89 8
Triticale 2RBNC 25 35 141 238 59
Triticale 2RB 8 3 36 74 6
LSD (0.05)§ NS 16 42 71 20
LSD (0.05)¶ NS 16 54 92 20
† NS, not significant.
‡Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
were four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows
and mechanical control, four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC).
¶ LSD (0.05) for comparing treatment means across species. 45
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Table 5. Cover crop species, treatment, and species by
treatment interaction means for spring cover crop N
accumulation near Ames, IA, in 2005 and 2006.
Factor Spring N accumulation
2005 2006
Species _______ kg N ha-1 _______
Wheat 7.0 12.6
Rye 7.8 6.8
Triticale 5.9 8.8
LSD (0.05) 2.6 4.1
Treatment†
4-row early-band (4REB) 4.4 7.8
4-row late-band (4RLB) 6.5 7.4
4-row no band (4RNB) 6.2 7.0
2-row band no-chop (2RBNC) 11.5 19.4
2-row band (2RB) 5.9 5.3
LSD (0.05) 1.5 4.4
Species x Treatment
Wheat 4REB 3.8 10.2
Wheat 4RLB 7.0 12.2
Wheat 4RNB 7.1 16.2
Wheat 2RBNC 9.6 13.2
Wheat 2RB 7.3 10.9
Rye 4REB 5.5 0.1
Rye 4RLB 6.0 1.2
Rye 4RNB 6.0 0.3
Rye 2RBNC 16.1 28.8
Rye 2RB 5.5 3.4
Triticale 4REB 4.0 13.0
Triticale 4RLB 6.4 8.7
Triticale 4RNB 5.6 4.6
Triticale 2RBNC 8.7 16.1
Triticale 2RB 4.8 1.7
LSD (0.05)‡ 3.2 7.6
LSD (0.05)§ 2.6 7.6
†Treatments are the residual of previous management systems
in soybean in 2003 and 2004. Management systems in
soybean were four rows with early (4REB) and late
(4RLB) spring glyphosate to eliminate two 19-cm rows
and mechanical control, four 19-cm rows with mechanical
control (4RNB) only, two rows with mechanical control
(2RB), and two rows with no mechanical control (2RBNC).
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Table 5. (continued)
‡ LSD (0.05) for comparing treatment means within species.
§ LSD (0.05) for comparing treatment means across species.
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Table 6. Cover crop species and treatment means for dry straw biomass, seed mass, seed
density (SD), and spike density (SPD) near Ames, IA, in 2005.
Factor Straw Biomass Seed Mass SD SPD
____________ g m-2 ____________ ________ no. m-2 ________
Species
Wheat 59.1 12.0 1065 154
Rye 22.2 0.9 109 35
Triticale 26.9 3.5 340 33
LSD (0.05) 29.6 5.9 483 NS
Treatment‡
4-row early-band (4REB) 32.0 5.6 512 63
4-row late-band (4RLB) 32.1 4.8 458 63
4-row no band (4RNB) 34.9 4.7 482 71
2-row band no-chop(2RBNC) 46.8 6.0 577 97
2-row band (2RB) 34.6 6.1 494 78
LSD (0.05) NS NS NS NS
Species x Treatment
Wheat 4REB 54.9 11.3 1056 134
Wheat 4RLB 51.0 11.3 1036 128
Wheat 4RNB 54.1 12.7 1102 149
Wheat 2RBNC 56.4 9.8 850 164
Wheat 2RB 79.3 14.8 1280 197
Rye 4REB 0.0 0.0 0 7
Rye 4RLB 21.5 0.4 55 31
Rye 4RNB 32.6 0.0 165 44
Rye 2RBNC 52.7 4.0 473 80
Rye 2RB 4.4 0.9 0 15
Triticale 4REB 41.5 6.5 563 47
Triticale 4RLB 23.7 2.6 282 30
Triticale 4RNB 18.0 1.4 180 19
Triticale 2RBNC 32.3 4.3 408 48
Triticale 2RB 20.1 2.6 266 21
LSD (0.05)§ 41.3 NS 409 NS
LSD (0.05)¶ 52.0 NS 808 NS
† NS, not significant.
‡Treatments are the residual of previous management systems in soybean in 2003 and
2004. Management systems in soybean were four rows with early (4REB) and late
(4RLB) spring glyphosate to eliminate two 19-cm rows and mechanical control, four
19-cm rows with mechanical control (4RNB) only, two rows with mechanical control
(2RB), and two rows with no mechanical control (2RBNC).
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Table 6. (continued)
§ LSD (0.05) for comparing treatment means within species.
¶ LSD (0.05) for comparing treatment means across species.
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Table 7. Cover crop species and treatment means for dry straw biomass, seed mass,
seed density (SD), and spike density (SPD) near Ames, IA, in 2006.
Factor Straw Biomass Seed Mass SD SPD
_____________ g m-2 _____________ ________ no. m-2 _______
Species
Wheat 50.2 11.0 559 107
Rye 14.7 2.5 165 19
Triticale 39.3 5.9 375 42
LSD (0.05) 25.9 6.4 340 40
Treatment‡
4-row early-band (4REB) 18.0 3.7 265 25
4-row late-band (4RLB) 48.1 7.4 424 67
4-row no band (4RNB) 27.4 6.1 309 54
2-row band no-chop(2RBNC) 54.9 8.7 510 80
2-row band (2RB) 25.4 6.5 323 54
LSD (0.05) NS NS NS NS
† NS, not significant.
‡Treatments are the residual of previous management systems in soybean in 2003 and
2004. Management systems in soybean were four rows with early (4REB) and late
(4RLB) spring glyphosate to eliminate two 19-cm rows and mechanical control, four
19-cm rows with mechanical control (4RNB) only, two rows with mechanical control
(2RB), and two rows with no mechanical control (2RBNC).
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Table 8. Cover crop species, treatment, and species by treatment
interaction means at cover crop maturity for grain and straw N
accumulation near Ames, IA, averaged over 2005 and 2006.
Factor Straw Grain
__________ kg N ha-1 __________
Species
Wheat 8.0 3.6
Rye 3.8 0.8
Triticale 5.0 1.4
LSD (0.05) NS† NS
Treatment‡
4-row early-band (4REB) 4.3 1.6
4-row late-band (4RLB) 6.4 2.0
4-row no band (4RNB) 4.8 1.7
2-row band no-chop(2RBNC) 7.9 2.3
2-row band (2RB) 4.5 2.1
LSD (0.05) NS 2.1
Species x Treatment
Wheat 4REB 5.9 2.9
Wheat 4RLB 8.3 3.4
Wheat 4RNB 8.5 4.1
Wheat 2RBNC 7.6 2.2
Wheat 2RB 9.8 5.2
Rye 4REB 1.1 0.1
Rye 4RLB 3.4 0.5
Rye 4RNB 3.5 0.3
Rye 2RBNC 9.7 2.8
Rye 2RB 1.2 0.4
Triticale 4REB 5.8 1.8
Triticale 4RLB 7.6 2.0
Triticale 4RNB 2.5 0.6
Triticale 2RBNC 6.4 1.9
Triticale 2RB 2.5 0.5
LSD (0.05)‡ 3.5 2.2
LSD (0.05)§ 3.8 2.2
† NS, not significant.
‡Treatments are the residual of previous management systems in
soybean in 2003 and 2004. Management systems in soybean
four rows with early (4REB) and late (4RLB) spring glyphosate
to eliminate two 19-cm rows and mechanical control, four 19-cm
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Table 8. (continued)
rows with mechanical control (4RNB) only, two rows with
mechanical control (2RB), and two rows with no mechanical
control (2RBNC).
§ LSD (0.05) for comparing treatment means within species and across year.
¶ LSD (0.05) for comparing the same or different treatment means across species and year.
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Table 9. Cover crop species and treatment means
averaged over years for cover crop establishment
after corn in Nov. of 2005 and 2006 near Ames,
IA.
Factor Cover Crop Density
plant density m-2 
Species
Wheat 8.2
Rye 1.3
Triticale 1.8
LSD (0.05) NS†
Treatment‡
4-row early-band (4REB) 3.1
4-row late-band (4RLB) 3.8
4-row no band (4RNB) 2.9
2-row band no-chop(2RBNC) 5.4
2-row band (2RB) 3.5
LSD (0.05) 1.4
† NS, not significant.
‡Treatments are the residual of previous management
systems in soybean in 2003 and 2004. Management
systems in soybean were four rows with early (4REB)
and late (4RLB) spring glyphosate to eliminate two
19-cm rows and mechanical control, four 19-cm rows
with mechanical control (4RNB) only, two rows with
mechanical control (2RB), and two rows with no
mechanical control (2RBNC).
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Figure 1. Self-seeding cover crop establishment over time in the fall of 2004 and 2005. The
LSD compares cover crop density differences within year, date, and species. Letters
represent differences among dates, within year, species, and treatment. Only lines with
letters were different. Treatments are the residual of management systems in soybean.
Management systems in soybean were four 19-cm rows with early (4REB) and late (4RLB)
spring glyphosate to eliminate two 19-cm rows and mechanical control, four 19-cm rows
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Figure 1. (continued)
with mechanical control (4RNB) only, two rows with mechanical control (2RB), and two
rows with no mechanical control (2RBNC).
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Chapter 4: Self-Seeding Winter Cereal Cover Crop Effects on Corn
A paper to be submitted to the Agronomy Journal
Paul B. McDonald, Jeremy W. Singer, and Mary H. Wiedenhoeft
Abstract
Cover crops provide many benefits, but adoption has been low because of yield
depression of cash crops, limited fall and spring growing season for the cover crop after cash
crop harvest and before planting, delayed cash crop planting because of cooler soil
temperatures, decreased net returns, and unpredictable N release. Winter rye (Secale cereale
L.), wheat (Triticum aestivum L.), and triticale (x Triticosecale Wittmack) were used to
develop self-seeding cover crop systems in a soybean [Glycine max (L.) Merr.]-corn (Zea
mays L.) rotation. Winter cereals were seeded in two or four, 19-cm rows between each
future 76-cm soybean row. Management systems in soybean were a no cover crop check,
four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two rows
adjacent to the soybean row and mechanical control, four rows with mechanical control
(4RNB) only, two rows with mechanical control (2RB), and two rows with no mechanical
control (2RBNC). These residual treatments were managed in corn the following year to
promote self-seeding using chemical and mechanical control. Intercepted PAR by the cover
crop growing concurrently with corn was decreased with mechanical control at Feekes
growth stages 10 to 10.5 depending on species, which reduced cover crop intercepted PAR to
less than 5% in 2005 and less than 9% in 2006 at corn canopy height. Intercepted PAR was
reduced at the soil surface from a maximum of 21 before to maximum of 6% after
mechanical control in 2005 and from a maximum of 40 to a maximum of 15% in 2006.
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Wheat had greater biomass at maturity than rye in both years, but only had lower corn grain
yield in one of the two years. Treatments 4RLB and 2RB exhibited the most consistent corn
grain yield reduction response ranging from 11 to 12% yield decrease in 2005 and 7 to 8%
decrease in 2006. The most competitive treatments, 2RBNC and 4RB in 2005 and 2RBNC
and 4REB in 2006, lowered corn grain yield by 20 and 16% in 2005 and 2006, respectively.
Additional research should focus on reducing interspecific competition in this cropping
system to increase the likelihood of adoption.
Introduction
Cover crops provide environmental benefits that include reducing erosion, improving
soil properties, weed suppression, insect and disease management, and reducing nitrate
leaching (Hartwig and Ammon, 2002; Jaynes et al., 2004; Sarrantonio and Gallandt, 2003).
Adoption of cover crops could be low because of yield depression (Eckert, 1988; Johnson et
al., 1998; Kessavalou and Walters, 1997; Tollenaar et al., 1993), limited fall and spring
growing season for the cover crop after cash crop harvest and before planting (Snapp et al.,
2003); delayed cash crop planting because of cooler soil temperatures (Stivers-Young and
Tucker, 1999); decreased net returns (Reddy, 2003), and unpredictable N release (Snapp et
al., 2005).
De Bruin et al. (2005) reported that a rye cover crop reduced populations of common
lambsquarters (Chenopodium album L.) and common cocklebur (Xanthium L.) by four times
compared with a no rye treatment, but did not reduce the populations of giant (Ambrosia
trifida L.) or common ragweed (Ambrosia artemisiifolia L.). They also concluded that rye
alone was not enough to control weeds for the entire growing season in soybean and a late
herbicide application was needed to control late season weeds. Teasdale et al. (2004) found
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cover crop residue can provide early season weed control but not full season weed control.
Cropping systems using cover crops can reduce herbicide inputs, if early season weed control
is sufficient to shift to a postemergence only herbicide system (Teasdale et al., 2004).
Williams et al. (1998) reported that wheat, triticale, and rye residues delayed pigweed
(Amaranthus L.) and foxtail (Setaria) emergence from 20 to 28 days after planting soybean.
Wheat, rye, and triticale reduced seedling fitness and biomass produced by Setaria and
Amaranthus until 35 days after planting soybean (Williams et al., 1998).
Wallace et al. (1992) measured light interception of wheat relay intercropped with
soybean. Light transmission on 30 May in one year and 7 June in another year, was 48 and
70%, respectively, compared to the no cover crop check. They found that the decrease in
light transmittance to the emerging soybean seedlings effected early season growth by
elongating lower internodes and decreasing main-stem diameters. Soybean exhibited no
difference in internode and stem diameter in one year of the study after soybean exceeded
wheat stubble height. Soybean yields were not different between the intercropped soybean
compared to the control treatment (Wallace et al., 1992).
Johnson et al. (1998) measured the influence of rye residue on corn yields. Rye was
overseeded into soybean at 3.8 x 106 seeds ha-1 in mid-Aug. using a drop spreader.
Glyphosate was applied to kill the rye at corn planting and corn was planted into the rye
residue at 84,000 seeds ha-1. Desiccated rye residue resulted in corn stress during early
vegetative growth and lowered yields by 1.6 Mg ha-1 compared to the no rye treatment. They
hypothesized that the corn yield reduction might have occurred because of lower soil
temperature, reduced nutrient availability, or increased allelopathic effects, but not because
of differing in soil water content. Karlen et al. (1987) stated that early vegetative stress in
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corn could reduce yield potential by stressing corn plants while reproductive structures are
being initiated.
Eckert (1988) planted rye after soybean harvest and chemically desiccated it after
corn was planted using no-tillage into the standing rye. Eckert (1988) observed a reduction
in corn stands in the rye compared to the no rye treatment. Eckert (1988) concluded that the
no-tillage planter pressed rye into the seed furrow and resulted in poor seed-to-soil contact
and seedling rot in no-tillage corn, which reduced corn density. Eckert (1988) hypothesized
that the reduction in corn stand density reduced yield because in years that corn densities
were similar with or without rye, no differences in corn yield were observed. Eckert (1988)
concluded that a standing winter rye cover crop in no-tillage continuous corn or corn-
soybean system resulted in a thick mulch layer of rye residue on the soil surface that could
interfere with planting corn and lower corn densities and grain yield.
Decomposing rye residues can have allelopathic effects on other plant species,
reducing their growth and development (Rice, 1995; Shilling et al., 1986). In a study by
Kessavalou and Walters (1997), rye was planted into soybean stubble in the fall and was
terminated with glyphosate before corn planting the following spring. They noted a small
decrease in corn yield and hypothesized it was from allelopathic effects because no other
variables measured in the study could cause the decrease. Kessavalou and Walters (1997)
reported air temperatures were cooler than average during the study, which delayed rye
growth and development. They hypothesized that because rye was terminated at an early
growth stage, potentially increased the allelopathic effects to the germinating corn seedlings.
That same hypothesis was reached in part by a greenhouse study by Wojcik-Wojtkowiak et
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al. (1990) on the allelopathic effects of rye. Wojcik-Wojtkowiak et al. (1990) determined rye
has the greatest allelopathic effect during early rye vegetative growth stages.
Purvis (1990) conducted a study comparing the effects of undecomposed and partially
decomposed wheat residues at an application rate of 5.0 Mt ha-1 on wheat yield.
Undecomposed wheat residue decreased wheat grain yield 0.6 Mt ha-1, while the partially
decomposed wheat residue had no effect on wheat yield compared to the no residue check
(Purvis 1990). The wheat plants in the wheat residue treatments showed reduced growth
compared with the no residue treatment even though the residue treatments had close to twice
as much available nitrate in the soil. Undecomposed wheat residues can have an allelopathic
effect, which may delay wheat growth and development (Purvis 1990). Purvis (1990) also
reported that the allelopathic effects of wheat residue can vary among cultivars. Opoku et al.
(1997) reported an 8% reduction in corn grain yield from completely removed wheat residue
compared to the control.
A study by Tollenaar et al. (1993) compared the effect of one wheat and four rye
cultivar residues on corn growth and development. The cover crops were planted in the fall
and mowed before corn planting in the spring. Corn was planted immediately after the soil
was rototilled. They found a corn yield reduction of 2-16% with cover crops compared to the
no cover crop check, but no correlation between yield reduction and the amount of spring
biomass of the cereals that were present before corn planting. By increasing the N level 75
kg ha-1, 0 to 16% of the yield reduction was alleviated. Tollenaar et al. (1993) reported that
delayed corn growth and development was related to the quantity of cereal biomass at corn
planting, N deficiency due to immobilization, and allelopathic effects. They found that
increasing N rates produced inconsistent results, however, they found that cover crop residue
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decayed faster with higher N rates. Other studies report similar corn grain yield following a
winter rye cover crop and no cover crop control when a non-limiting amount of N was
applied to corn (Ebelhar et al., 1984: Blevins et al., 1990).
Vaughan and Evanylo (1998) compared the timing of cover crop desiccation. When
rye cover crops were desiccated four weeks before corn planting compared to one week
before corn planting, grain yields were increased from 2.4 Mg ha-1 to 4.5 Mg ha-1. They
determined that the yield difference was due to N availability and not soil-water
relationships.
Self-seeding cover crop systems could eliminate the risk and cost of annual seeding
of cover crops. Corn yield in a self-seeding cover crop system needs to be quantified to
determine the viability of self-seeding systems. The objective of this study 1) was to
evaluate the interspecific competition of self-seeding winter cereal cover crops grown
concurrently with corn on light interception, corn yield and yield components, and
competition for N.
Materials and Methods
Field studies were conducted at the Agricultural Engineering Research Center in
Boone County, IA (42°01' N, 93°45' W; 341 m asl), from Oct. 2004 through Nov. 2006. The
field site was managed in a soybean-corn sequence using no-tillage. The soil was a Spillville
loam (fine-loamy, mixed, superactive, mesic, Cumulic Hapludolls). Soil test levels in the top
20 cm soil depth in 2004 were 17 mg kg-1 P, 80 mg kg-1 K, and a pH of 6.6 and in 2005 were
20 mg kg-1 P, 115 mg kg-1 K, and a pH of 6.5. Nitrogen, P, and K were surface applied on 2
Apr. 2005 and 17 Apr. 2006 at a rate of 35, 39, and 74 kg ha-1, respectively.
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The experimental design was a randomized complete block with treatments arranged
in a split-plot with four replicates. Species main plots were wheat (‘Karl 92’), rye (‘Rymin’),
and triticale (‘Décor’ in 2004 and ‘Kitaro’ in 2005) that self-seeded through seed rain after
maturity and the physical disturbance caused by combining soybean on 29 Sept. 2004 and 3
Oct. 2005. Subplots were the residual of the previous cover crop management systems and a
no cover crop check (Table 1). The species main plots were originally planted at 2,470,000
seeds ha-1 on 25 Sept. 2003 and 9 Oct. 2004 using a Marliss grain drill (Marliss
Division/Sukup Manufacturing Company, Jonesboro, AR) with 19-cm row widths.
Broadleaf chemical control occurred in Nov. 2004 by using dicamba (3,6-dichloro-O-anisic
acid) and 2,4-D amine (2,4-dichlorophenoxyacetic acid) at application rates of 0.28 kg a.i.
ha-1 and 0.27 kg a.i. ha-1, respectively.
Chemical control of cover crops was performed on 15 Apr. 2005 and 22 Apr. 2006
using glyphosate [N-(phosphonomethyl)glycine] (Roundup WeatherMax) in a 25-cm band
over the corn row at an application rate of 1.1 kg a.i. ha-1. Dekalb brand ‘DKC 53-33’ corn
was planted on 18 Apr. 2005 and 20 Apr. 2006 using a John Deere no-tillage planter (Deere
and Company, Moline, IL) equipped with Sukup brand row cleaners (Sukup Manufacturing
Co., Sheffield, IA.) at a population of 86,487 seeds ha-1 using a 76-cm row spacing. Corn
density was determined in 6.1 m of three interior rows at V2 (Ritchie et al., 1992).
Mechanical control of cover crops was achieved using a Buffalo rolling stalk chopper
(Fleischer Manufacturing Inc., Columbus, NE) with one pass in the corn interrow on 23 May
2005 and 19 May 2006. Chemical control of broadleaf weeds was performed on 31 May
2005 and 2006 using Buctril (3,5-dibromo-4-hydroxybenzonitrile) at an application rate of
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0.42 kg a.i. ha-1. Nitrogen was injected as urea ammonium nitrate at 212 kg N ha-1 on 13
June 2005 and 24 May 2006 at V5 and V2 in corn, respectively.
At Feekes growth stage 11.4 (Zadoks et al., 1974) shoot biomass and spike counts
were obtained in a 0.76 m2 area in each subplot. Wheat, triticale, and rye matured on 10, 13,
and 28 July in 2005 and 13, 31, and 31 July in 2006, respectively. Cover crop shoot biomass
and grain were separated, dried in a forced-air oven at 70oC, ground to pass a 1-mm sieve
and analyzed for total N concentration using the Dumas combustion method (AOAC Method
990.03).
Interception of photosynthetically active radiation (PAR) was measured weekly from
10 May to 22 June 2005 and 16 May to 26 June 2006 in full sun conditions between 1100
and 1400 hours using a Decagon AccuPar ceptometer (Decagon Devices, Inc., Pullman, WA)
until corn height exceeded cover crop height. Each subplot had measurements that included:
one incident, four below the cover crop canopy, and four at the top of the corn canopy in
order to determine cover crop and corn light interception at these heights. The instrument
was placed diagonally across one corn row to measure transmitted PAR. Light interception
was calculated as the difference between incident and transmitted light divided by incident
light.
Weed composition and density at R1 in corn was measured in one 0.76 m2 quadrat in
each subplot on 18 July 2005 and 17 July 2006. At R6 in corn, whole plant biomass was
collected from one 0.76 m2 quadrat in each subplot on 21 Sept. 2005 and 15 Sept. 2006 to
determine shoot dry matter, kernel density, 1000-kernel mass, and harvest index. Moisture
for 1000-kernel mass was determined using method S352.2 (ASAE, 2003). Corn density was
determined by counting all plants in 6.1 m of three interior rows at harvest. Corn stalk
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segments were collected for basal stalk nitrate determination two weeks after R6. Six stalk
segments were 20 cm in length were collected 15 cm above the soil surface in each subplot.
Stalks were dried at 60oC for 5 days, ground to pass a 1-mm sieve, and analyzed for nitrate-N 
by leaching 0.25 g of ground sample with 50 mL of 2 M KCl solution, creating a 200-fold
dilution. Nitrate concentration in the leachate was determined using a Lachat autoanalyzer
(Lachat Instruments, Milwaukee, WI; Method 12-107-04-1-B).
Grain yield was measured by combining three interior rows from each subplot on 21
Oct. 2005 and 27 Sept. 2006. The combine had an electronic scale that measured moisture
and weight. Corn yield was corrected to 155 g kg-1 moisture.
Daily rainfall and air temperature were recorded at a weather station approximately 3
km from the experimental site (Table 2). Statistical analysis was conducted using PROC
MIXED (SAS, SAS Inst.) version 9.1 with block and block by species as random variables
and cereal species and treatment as fixed variables. A Fisher’s protected LSD (alpha = 0.05)
was used to test significant differences for species and treatment means.
Results and Discussion
Intercepted PAR by Cover Crops and Corn
2005
Intercepted PAR of the cover crops initially started higher until mechanical control
with the rolling stalk chopper on 23 May 2005 and 19 May 2006 (Fig. 1). After mechanical
control of the cover crop occurred, intercepted PAR increased from the cover crop regrowth
and corn canopy development. On 10 May an interaction occurred between species and
treatment. Corn emerged on 9 May. In wheat, treatments 2RBNC and 2RB were similar at
16% intercepted PAR, while 4RNB was 8% and treatments 4REB and 4RLB had
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intermediate intercepted PAR values. In rye, treatments 2RB, 4RNB, 4REB, 4RLB and the
check were similar at 9% intercepted PAR, while 2RBNC was higher at 29%. In triticale,
treatments 4REB, 4RLB, 4RNB, 2RB, and the check were similar at 7% intercepted PAR,
while 2RBNC was higher at 19%.
On 19 May an intercepted PAR interaction occurred between species and treatment.
In wheat, treatment 4RLB intercepted 18% PAR, while treatments 4RNB, 2RBNC were
similar at 25% intercepted PAR and 2RB and 4REB were intermediate, while the check was
not intercepting PAR (Fig. 1). The check treatments were not intercepting significant
amounts PAR this early because only 10 days had elapsed since emergence. In rye, 4RLB,
4RNB, and 2RB were similar at 9% intercepted PAR and 2RBNC was the highest at 28%. In
triticale, treatment 4RLB and 2RB intercepted 4% PAR, while 2RBNC intercepted 11% PAR
with 4REB and 4RLB between.
All treatments received mechanical control using a rolling stalk chopper on 23 May
2005 to reduce PAR competition from the cover crop. Intercepted PAR was measured
immediately after mechanical control. On 23 May only a treatment effect occurred, therefore
data will be presented by treatment pooled across cover crop species (Fig. 1). Treatment
2RBNC had the highest intercepted PAR at 6%, while 4REB, 4RLB, 4RNB, and 2RB were
intermediate and the check was the lowest at 1% intercepted PAR. Treatment 2RBNC had
the highest intercepted PAR on 23 May because the rolling stalk chopper did not completely
destroy the cover crop. Cover crop treatments with higher plant tiller density had standing
chopped plant residue, which was still intercepting small quantities of PAR.
On 6 June the cover crop treatments had significantly higher intercepted PAR at 9%,
compared to the check at 5%, regardless of species (Fig. 1). On 17 June treatment 4RNC had
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the highest intercepted PAR at 31%, while 2RBNC had 22% intercepted PAR and all other
treatments had intermediate values (27%). On 21 June only rye treatments were measured
because rye height was higher than corn height, while wheat and triticale height was already
exceeded by corn. Rye treatments were not significantly different from one another,
averaging 47% intercepted PAR and ranging from 42 to 54%.
2006
On 16 May an interaction occurred between the intercepted PAR of the species and
treatment (Fig. 1). On 5 May corn was fully emerged. In wheat, treatment 4RLB had the
greatest intercepted PAR at 40%, while 2RBNC, 4RNB, and 2RB had intermediate values
and 4REB intercepted 19% PAR. The check intercepted no PAR because only 11 days had
elapsed since emergence. In rye, the check, 4REB, 4RLB, 4RNB, and 2RB were similar at
0% intercepted PAR, while 2RBNC had higher intercepted PAR at 36%. In triticale, 2RBNC
and 4REB had the highest intercepted PAR at 26%, while 4RLB was intermediate and the
check, 4RNB, and 2RB were lower at 7% intercepted PAR
All cover crop treatments received mechanical control via a rolling stalk chopper on
19 May 2006 to reduce competition with corn. On 24 May an interaction occurred between
the intercepted PAR of the species and treatment (Fig. 1). In wheat, 4RLB had the greatest
intercepted PAR at 13% and the check had the lowest intercepted PAR at 0%, with all other
treatments being intermediate. In rye, 2RBNC had the highest intercepted PAR at 15% while
the check, 4REB, 4RLB, 4RNB, and 2RB were similar at 1% intercepted PAR. In triticale,
treatment 2RBNC had the highest intercepted PAR at 8% while the check, 4REB, and 4RLB
were lower at 2% intercepted PAR and 4RNB and 2RB had intermediate intercepted PAR
values. On 2 June species were significant; wheat had the highest intercepted PAR at 7%, 
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while rye and triticale were similar at 4% intercepted PAR. On 13 June species were not
significant but treatments were. Averaged across species, the check intercepted 23% of the
PAR, while 4REB and 2RBNC intercepted 17% PAR and all other treatments were
intermediate.
On 19 and 26 June only rye treatments were measured for intercepted PAR because
rye height was greater than corn height while wheat and triticale height had already been
exceeded by corn. On 19 June in rye the check had the greatest intercepted PAR at 45 %
while 4REB, 4RLB, 4RNB, and 2RB were similar at 34% and 2RBNC was the lowest at
19% intercepted PAR (Fig. 1). On 26 June in rye the check treatment intercepted 67% PAR
while 4REB, 4RLB, 4RNB, and 2RB were lower at 56% and 2RBNC was the lowest at 34%
intercepted PAR. In all species, treatment 2RBNC competed the most for early season PAR
because of higher cover crop biomass (McDonald et al., 2007). Early in the intercepted PAR
measurement period dense treatments had the highest intercepted PAR, while the other
treatments were lower.
In 2005, the cover crop biomass above the corn canopy intercepted 5% or less PAR
from the corn while in 2006 the cover crops intercepted 9% or less PAR. The rolling stalk
chopper served as an effective means of reducing PAR competition from as high as 28% in
2005 and 40% in 2006 to less than 5 and 9% intercepted PAR respectively, for early growing
season corn growth. Tharp and Kells (2001) reported that when intercepted PAR of corn was
less than 10% different, no corn grain yield decreases occurred in a plant density and row
spacing study.
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Weed Density
A year effect did not occur for weed density in annual grasses, annual broadleaves, or
total weed density (Table 3). Species and treatments were not significant for annual grasses,
annual broadleaves, and total weed density and averaged 0.7, 3.4, and 4.6 plants m-2 (Table
3). Perennial weed densities were analyzed by year because of a significant year effect. In
2005, no species or treatment differences occurred and species and treatments averaged 1.6
perennials m-2. In 2006, triticale had 0.7 perennials m-2, while wheat and rye were similar at
0.3 perennials m-2. Knezevic et al. (2003) suggest that during the critical weed free period,
which is until V10 in corn, weeds should be controlled if densities are higher than moderate
to high (36 to 120 weeds m-2). In this study, total weed densities were less than 4.6 weeds
m
-2
.
In 2006, no treatment differences occurred for total weeds m-2 although differences
did occur for total cover crop maturity biomass, therefore it is not conclusive whether
biomass production of the cover crop at maturity influenced weed populations at anthesis in
corn. Barberi and Mazzoncini (2001) observed weed biomass suppression by winter rye
cover crop residue in corn. They found that weed suppression was greater in years with
higher cover crop biomass. Rye reduced weed biomass at corn planting from 54 to 99%, but
after V4 no weed biomass suppression was evident. Teasdale et al. (2004) also reported that
cover crop residue can provide early season weed control but not full season weed control.
Cover Crop Biomass at Maturity
A species by treatment interaction occurred in 2005 for cover crop biomass (Table 4).
In wheat and triticale, no differences occurred among treatments and averaged 71.6 and 30.7
g biomass m-2, respectively. In rye, treatment 2RBNC had the highest biomass at 56.2 g m-2,
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while 4RLB and 4RNB were intermediate at 26.7 g m-2 and 4REB and 2RB were lower at
2.4 g m-2. Wheat had the highest cover crop biomass in all treatments compared to rye and
triticale except for treatments 4RLB and 2RBNC, which were similar across species. Cover
crop biomass had a species effect with wheat and triticale being similar at 53.2 and 44.8 g
m-2, respectively, while rye and triticale were also similar at 31.3 and 27.0 g m-2, respectively
(Table 4).
Total N Accumulation of the Cover Crops at Maturity
2005 and 2006
No year effect was detected for N accumulation by the cover crop at maturity,
however a species by treatment interaction occurred (Table 4). In wheat, treatment 4REB
had the lowest N accumulation at 8.8 kg ha-1, while intermediate treatments 4RLB, 4RNB,
and 2RBNC accumulated 11.3 kg ha-1 and treatment 2RB accumulated the most N at 15.0 kg
ha-1. In rye, treatments 4REB, 4RLB, 4RNB, and 2RB were similar in N accumulation at 2.6
kg ha-1, while treatment 2RBNC accumulated 12.5 kg ha-1. In triticale treatments 4RNB and
2RB had the lowest accumulation of N at 3.1 kg ha-1, while intermediate treatments 4REB
and 2RBNC accumulated 7.9 kg ha-1 and treatment 4RLB accumulated the highest amount of
N at 9.8 kg ha-1. Comparing species within specific treatments, wheat and triticale were
higher than rye for treatments 4REB and 4RLB, while wheat treatments 4RNB and 2RB
were higher than the same treatments in triticale and rye. All species means were similar for
the 2RBNC treatment. Nitrogen accumulation was minimized by not allowing the cover
crops to maximize their full growth potential by chemical and mechanical control and
shading by the corn. Total N accumulation ranged from 1.2 to 15.0 kg ha-1, which is small
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compared to corn N accumulation. Singer et al. (2007) reported corn N accumulation in no-
tillage corn from 240 to 330 kg ha-1.
Corn Yield and Yield Components
2005
A significant treatment effect occurred for corn grain yield (Table 5). The highest
yield was the check with a grain yield of 10.37 Mg ha-1, while 4REB, 4RLB, and 2RB were
similar at 9.29 Mg ha-1 (10.4% yield reduction) and 4RNB and 2RBNC were similarly lowest
at 8.3 Mg ha-1 (20% yield reduction). Across species, treatment 2RBNC had the highest
cover crop biomass (52.9 g m-2), resulting in early season intercepted PAR competition
between the cover crop and corn (McDonald et al., 2007). This competition potentially
contributed to lower corn yields. 
An interaction between species and treatment occurred for thousand kernel weight
(Table 5). No difference occurred for seed mass among wheat treatments, which averaged
265 g 1000-kernels-1. Rye treatments 4REB, 4RLB, 4RNB, 2RBNC, and 2RB were similar
at 290 g 1000-kernels-1, while the no cover crop check was the lowest at 246 g 1000-
kernels-1. The rye check treatment had 1511 kernels m-2 more than the closest rye treatment
mean (data not presented). Although this was not significantly different it could partially
explain the lower thousand kernel weight. In triticale, treatment 4RNB was the lowest at 256
g 1000-kernels-1, while intermediate treatments 4REB, 4RLB, 4RNB, 2RBNC and the no
cover crop check were similar at 272 g 1000-kernels-1, and treatment 2RB had the highest
1000-kernel weight at 292 g 1000-kernels-1. Comparing treatments within species, treatment
2RBNC in rye and triticale was similar at 286 g 1000-kernels-1, while triticale and wheat
were similar at 268 g 1000-kernels-1.
71
Corn stalk nitrate concentration revealed species and treatment differences (Table 7).
Wheat and triticale were similar at 2376 mg nitrate-N kg-1, while rye was higher at 3228 mg
nitrate-N kg-1 (Table 7). Treatments 4REB, 4RNB, 2RBNC, and 2RB were similar at 2437
mg nitrate-N kg-1, while 4RLB was intermediate and the check treatment had 3350 mg
nitrate-N kg-1. According to Blackmer and Mallarino (2000), all species by treatment
combinations had excessive stalk nitrate, which is above 2000 mg N kg-1.
2006
A species and treatment effect occurred for corn grain yield (Table 6). Averaged
across treatment, rye had the highest grain yield at 9.11 Mg ha-1, while wheat and triticale
were similar at 7.94 Mg ha-1 (13% yield reduction). Rye and triticale treatments had the
lowest biomass production at maturity, while wheat had the highest biomass production at
maturity (McDonald et al., 2007). Averaged across species, the no cover crop check yielded
9.12 Mg ha-1, while 2RBNC and 4RLB were lower at 7.62 Mg ha-1 and 4REB, 4RNB, and
2RB were intermediate at 8.53 Mg ha-1. Corn grain yields were lower in 2006 compared to
2005 because rainfall was 50%, 83%, 23%, and 50% compared to the 30-year mean for the
months of May, June, July, and Aug., respectively (Table 2).
A treatment effect occurred for 1000-kernel weight (Table 6). Treatments 4REB,
4RNB, 2RB, and the no cover crop check were similar at 218 g 1000-kernels-1, while
intermediate treatment 4RLB was 240 g 1000-kernels-1 and treatment 2RBNC was the
highest at 259 g 1000-kernels-1.
Stalk nitrate concentrations exhibited treatment differences with the check treatment
having the lowest at 1534 mg nitrate-N kg-1 and treatment 2RBNC had the highest stalk
nitrate at 2457 mg nitrate-N kg-1, with all other treatments being intermediate (Table 7).
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Blackmer and Mallarino (2000) concluded that between 700 and 2000 mg N kg-1 is the
optimal range for stalk nitrate at the end of the growing season. In this study, all treatments
were in the optimal or excess category. Because corn stalk nitrate was in the optimal range
or higher, the amount of N accumulated by the cover crops did not affect corn yield.
2005 and 2006
A year effect did not occur with final corn plant density at harvest (data not
presented). No significant difference was detected between corn density collected at V2 and
harvest, therefore only final corn density is presented, however a species and treatment effect
occurred. Rye and triticale were similar at 6.9 plants m-2, while triticale and wheat were
similar at 6.4 plants m-2. The no cover crop check had 7.2 plants m-2, while intermediate
treatments 4RLB, 4REB, 4RNB, and 2RB had plant densities of 6.8 plants m-2, and treatment
2RBNC had the lowest plant density at 5.9 plants m-2 (data not presented). Just prior to corn
planting treatment 2RBNC had the highest number of tillers m-2 and greatest spring biomass,
which could explain the lower corn densities. Eckert (1988) observed a reduction in corn
densities when a rye cover crop was used and concluded poor seed to soil contact and
seedling rot reduced corn density.
In 2005, no species or treatments differences occurred for kernels m-2 and species and
treatments averaged 2920 kernels m-2 (Table 5). In 2006, a treatment effect occurred (Table
6). The no cover crop check, 4REB, 4RNB, and 2RB were similar at 4008 kernels m-2, while
4REB, 4RLB, 4RNB, and 2RB were similar at 3829 kernels m-2. The 2RBNC and 4RLB
treatments were lowest at 3304 kernels m-2. Abdin et al. (1998) seeded winter rye 10 to 20
days after corn emergence and determined that no difference occurred in corn grain yield,
ears plant-1, kernels ear-1, or kernel weight between the no cover crop check and the winter
73
rye treatments. In the current study, the cover crops were present before corn planting. The
difference in cover crop competition may be responsible for the different results from these
two approaches using cover crops in summer annual cropping systems.
Corn stover biomass and harvest index had year effects, while total corn biomass had
no year effect (Table 5 and 6). Significant differences in species and treatments did not
occur for corn stover biomass, total biomass, or harvest index. Corn stover biomass and
harvest index for 2005 and 2006 were 7.19 and 5.48 Mg ha-1 (Table 5 and 6) and 0.45 and
0.55 (Table 7), respectively. Total corn biomass was 12.96 Mg ha-1 (Table 5 and 6),
averaged across for 2005 and 2006.
Conclusions
Cover crops in the interrows intercepted less than 9% PAR during early growth of
corn because of the effective use of mechanical control to reduce PAR interception by the
cover crops. Nitrogen competition was also reduced with mechanical control and N
accumulation in the cover crops was less than 15 kg ha-1. Self-seeded winter cereal cover
crops reduced corn grain yields 5 to 22%, but no yield differences were observed for total
corn stover or total biomass yields during the two year study. Treatments 4REB, 4RLB, and
2RB reduced corn grain yield the least. Additional research to reduce cover crop competition
with corn could increase adoption of these systems.
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Table 1. Cover crop treatment description and control dates.
Mechanical control date‡ Glyphosate band date††
Treatment† 2004 2005 2004 2005
Check - - - -
4-row late-band (4RLB) 11 May 21 May 3 June 9 June
4-row early-band (4REB) 11 May 21 May 23 Apr., 22 June 10 May, 20 June
4-row no band (4RNB) 11 May 21 May - -
2-row band no-chop (2RBNC) - - 22 June 20 June
2-row band (2RB) 11 May 21 May 22 June 20 June
†Two or four 19 cm rows between each 76-cm soybean row.
‡Mechanical control using a single pass with a rolling stalk chopper. Mean Feekes growth stages
on 11 May 2004 and 21 May 2005 were: rye 10.3, triticale 10.1, and wheat 8.0.
††Glyphosate was applied in a 25-cm band over the soybean row.
78
T
ables
Table 2. Mean monthly air temperature and rainfall near Ames, IA. Thirty year mean is from 1977-2006†.
Air temperature Rainfall
Month 2005 2006 Mean 2005 2006 Mean
____________________oC ____________________ _____________________ mm ____________________
Apr. 12.8 13.3 10.5 82 109 89
May 15.6 16.7 16.4 111 55 112
June 23.3 22.2 21.4 124 21 118
July 24.4 24.4 23.4 104 141 119
Aug. 22.2 22.2 22.0 172 157 122
Sept. 20.6 16.1 18.2 111 191 84
†NWS COOP site Ames 8WSW
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Table 3. Mean annual grass, annual broadleaf, perennial, and total weed density at anthesis in corn, near Ames, IA, averaged
across 2005 and 2006.
Factor Annual grasses Annual broadleaves Perennials Total
Species ___________________________________________________ plant no. m-2 ___________________________________________________
Wheat 1.9 4.7 1.1 7.7
Rye 0.0 2.6 0.4 2.2
Triticale 0.4 2.8 1.4 3.9
LSD (0.05) NS† NS NS NS
Treatment‡
4REB 0.0 3.9 1.2 4.6
4RLB 0.2 2.6 0.8 3.1
4RNB 1.8 3.9 1.0 6.4
2RBNC 0.9 2.1 1.0 3.6
2RB 0.8 4.3 0.9 5.4
LSD (0.05) NS NS NS NS
† NS, not significant. Total weed density may not be cumulative because of rounding.
‡ Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
were four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows and mechanical control,
four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB), and two rows with no
mechanical control (2RBNC).
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Table 4. Cover crop species, treatment, and interaction means for total cover crop biomass and total N accumulation at
maturity near Ames, IA, in 2005 and 2006.
Maturity biomass N accumulation
Factor 2005 2006 Mean 2005 2006 Mean
____________________ g m-2 ___________________ _________________ kg N ha-1 _________________
Species
Wheat 71.6 61.2 66.4 13.2 11.8 11.6
Rye 22.5 17.3 19.9 4.3 3.1 4.6
Triticale 30.7 45.2 38.0 6.0 7.7 6.4
LSD (0.05) 34.5 31.8 † ‡ 3.0
Treatment§
4REB 37.7 21.7 29.7 7.4 4.7 5.9
4RLB 36.9 55.5 46.2 7.4 9.7 8.4
4RNB 39.7 33.5 36.6 7.1 6.2 6.5
2RBNC 52.9 63.6 58.3 9.3 11.4 10.2
2RB 40.8 31.8 36.3 7.8 5.7 6.6
LSD (0.05) NS¶ NS 1.6
Species x Treatment
Wheat 4REB 66.7 23.9 45.3 12.6 7.0 8.8
Wheat 4RLB 62.8 72.1 67.5 11.7 13.5 11.7
Wheat 4RNB 67.3 77.1 72.2 12.3 14.6 12.5
Wheat 2RBNC 66.6 52.8 60.1 11.8 9.7 9.8
Wheat 2RB 94.6 79.7 87.2 17.5 14.4 15.0
Rye 4REB 0.0 0.8 0.4 0.4 0.1 1.2
Rye 4RLB 21.4 6.0 13.7 4.8 1.2 3.9
Rye 4RNB 32.1 2.2 33.2 5.4 0.4 3.8
Rye 2RBNC 56.2 77.0 66.6 9.3 13.8 12.5
Rye 2RB 4.7 0.4 2.6 1.5 0.0 1.7
Triticale 4REB 48.3 40.5 44.4 9.1 3.2 7.6
4545 45
45
45
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Table 4. (continued)
Maturity biomass N accumulation
Factor 2005 2006 Mean 2005 2006 Mean
____________________ g m-2 ___________________ _________________ kg N ha-1 _________________
Triticale 4RLB 26.5 88.4 57.5 5.8 4.6 9.8
Triticale 4RNB 19.7 21.1 20.4 3.7 3.7 3.1
Triticale 2RBNC 35.9 60.9 48.4 6.8 3.2 8.3
Triticale 2RB 22.9 15.3 19.1 4.3 3.2 3.1
LSD (0.05)# 40.4 NS 5.4‡‡
LSD (0.05)†† 47.2 NS 5.5§§
† LSD is not shown because year was significantly different
‡ LSD is not shown because year was statistically similar
§ Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
Were four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows and mechanical control,
four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB), and two rows with no
mechanical control (2RBNC).
¶ NS, not significant.
# LSD (0.05) for comparing treatment means within species.
†† LSD (0.05) for comparing treatment means across species.
‡‡ LSD (0.05) for comparing treatment means within species across years.
§§ LSD (0.05) for comparing the same or different treatment means across species and years.
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Table 5. Cover crop species and treatment means for corn plant density, kernel density, dry 1000-kernel mass, stover biomass,
grain yield, and total biomass at harvest near Ames, IA, in 2005.
Factor Corn density Kernel
density†
1000-kernel wt. Stover biomass Grain yield Total biomass
plant m-2 kernel m-2 g ______________________ Mg ha-1 ______________________
Species
Wheat 6.83 3076 265 6.67 9.15 13.14
Rye 7.24 2904 283 7.43 9.09 13.86
Triticale 6.75 278 273 7.46 9.16 13.54
LSD (0.05) NS† NS NS NS NS NS
Treatment§
Check 7.49 3639 266 7.91 10.37 15.30
4REB 6.60 2845 274 7.00 9.27 13.22
4RLB 7.26 2998 276 7.44 9.45 14.03
4RNB 9.79 2690 271 6.85 8.52 12.68
2RBNC 6.35 2616 277 6.98 8.05 12.78
2RB 7.17 2732 280 6.95 9.16 13.06
LSD (0.05) 0.61 NS NS NS 0.62 NS
†Kernel m-2, 1000-kernel mass, stover biomass, total biomass, and harvest index were obtained from at 0.76 m2 area in each
subplot while corn grain yield was obtained using a combine.
‡NS, not significant.
§ Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
were a no cover crop check, four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows
and mechanical control, four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC).
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Table 6. Cover crop species and treatment means for corn plant density, kernel density, 1000-kernel mass, stover biomass,
grain yield, and total biomass at harvest near Ames, IA, in 2006.
Factor Corn density Kernel
density†
1000-kernel wt. Stover biomass Grain yield Total biomass
plant m-2 kernel m-2 g ______________________ Mg ha-1 ______________________
Species
Wheat 6.21 3469 220 5.09 7.72 11.29
Rye 7.10 4552 230 5.85 9.11 12.93
Triticale 6.69 3300 235 5.51 8.16 11.77
LSD (0.05) NS‡ NS NS NS 0.76 NS
Treatment§
Check 7.17 4245 214 5.45 9.12 12.33
4REB 6.77 4057 215 5.38 8.50 12.05
4RLB 6.80 3529 240 5.59 8.06 12.04
4RNB 6.91 3866 220 5.67 8.69 12.23
2RBNC 5.64 3080 259 5.58 7.18 11.74
2RB 6.70 3865 221 5.22 8.41 11.60
LSD (0.05) 0.51 713 25 NS 0.89 NS
†Kernel m-2, 1000-kernel mass, stover biomass, total biomass, and harvest index were obtained from at 0.76 m2 area in each
subplot while corn grain yield was obtained using a combine.
‡NS, not significant.
§ Treatments are the residual of previous management systems in soybean in 2003 and 2004. Management systems in soybean
were a no cover crop check, four rows with early (4REB) and late (4RLB) spring glyphosate to eliminate two 19-cm rows
and mechanical control, four 19-cm rows with mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC).
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Table 7. Cover crop species and treatment means for corn stalk nitrate
and harvest index near Ames, IA, in 2005 and 2006.
Factor Stalk Nitrate Harvest Index
2005 2006 2005 2006
_______
mg N kg-1 _______
Species
Wheat 2360 2080 0.46 0.56
Rye 3228 1861 0.45 0.56
Triticale 2392 1983 0.44 0.54
LSD (0.05) 546 NS† NS NS
Treatment‡
Check 3350 1534 0.46 0.57
4REB  2692 1909 0.46 0.57
4RLB 2863 2097 0.45 0.55
4RNB 2269 2006 0.45 0.55
2RBNC 2229 2457 0.44 0.53
2RB 2557 1844 0.45 0.56
LSD (0.05) 636 570 NS NS
† NS, not significant.
‡ Treatments are the residual of previous management systems in soybean in
2003 and 2004. Management systems in soybean were a no cover crop
check, four rows with early (4REB) and late (4RLB) spring glyphosate to
eliminate two 19-cm rows and mechanical control, four 19-cm rows with
mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC).
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Fig. 1. PAR interception in 2005 and 2006 for different cover crop species and management
systems. Management systems in soybean were a no cover crop check, four rows with early
(4REB) and late (4RLB) spring glyphosate to eliminate two rows and mechanical control,
four rows with mechanical control (4RNB) only, two rows with mechanical control (2RB),
and two rows with no mechanical control (2RBNC). All treatments received mechanical
control using a rolling stalk chopper on 23 May 2005 and
19 May 2006 to reduce competition with corn. *Indicates a significant species by treatment
interaction within a sampling date.
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Chapter 5: General Conclusions
Cover crops in management systems described in this manuscript self-seeded
effectively after the first growing season in the 2RBNC treatment for all species and the
4RNB treatment for wheat in both years. Winter cereal cover crop treatments 2RBNC and
4RNB in this system would provide environmental benefits for the mechanically seeded year
and the first self-seeded year. Thus, the annual cost of seeding could be eliminated in
alternating years in systems where winter cereal cover crops are being used. The winter
cereal cover crops self-seeded well enough to produce green ground cover of 29% in
treatment 2RBNC in the late fall of 2004 while all other treatments had 15% green ground
cover. Wheat treatments in late fall of 2005 had between 36 and 61% green ground cover,
which could reduce erosion. All treatments for wheat and triticale had enough seed
production by the cover crop to fully seed the next cover crop, but additional research needs
to address more efficient management of the cover crop seed to improve cover crop densities
after the second self-seeding year. After the second growing season, cover crops were scarce
at less than 5.4 plants m-2. Additional research could be performed to develop less
competitive treatments in which the cover crop land area could be reduced with more
effective self-seeding techniques to minimize seed production by the cover crop and
maximize seed establishment in the fall.
Cover crops in corn interrows intercepted less than 9% PAR during the early growth
of corn with the effective use of mechanical control to reduce PAR competition. Nitrogen
competition was also reduced with mechanical control and N accumulation in the cover crops
was less than 15 kg N ha-1. Treatments of winter cereal cover crops in a self-seeding system
reduced corn grain yields 5 to 22%, but no yield differences were observed for total corn
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stover or total biomass yields during the two year study. Treatments 4REB, 4RLB, and 2RB
reduced corn grain yield the least. In systems such as described in the experiment corn yield
loss occurred, but addition research with increased cover crop free zones around corn and
less early season competition with corn could be used to increase adoptability of these
systems. Additional research should focus on improving the distribution of cover crop seed
to enhance establishment and growth of the cover crop. Corn and winter cereals should be
screened to identify germplasm to reduce interspecific competition. Cover crop free zones
around corn could reduce early season competition, increase grain yields, and increase the
adoption of these systems.
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Appendix: ANOVA Tables
Table 1. ANOVA table for cover crop
establishment density in the fall
after soybean harvest over time
for 2004 and 2005 near Ames, IA.
Source of variation
P > F
Week <.001
Year 0.004
Species <.001
Year*Species 0.005
Treatment <.001
Year*Treatment 0.004
Spec*Treatment 0.127
Year*Species*Treatment 0.001
2004
Week <.001
Species <.001
Species*Week 0.233
Treatment <.001
Treatment*Week 0.282
Species*Treatment 0.196
Species*Treatment*Week 0.114
2005
Week <.001
Species 0.001
Species*Week 0.002
Treatment <.001
Treatment*Week 0.005
Species*Treatment 0.001
Species*Treatment*Week 0.014
Table 2. ANOVA table with year in the model and separated by year for fall cover crop biomass (FCCB),
spring cover crop biomass (SCCB), fall tiller number, spring tiller number, fall ground cover, spring N
accumulation, and cover crop density after corn. Data are for 2004 to 2006 near Ames, IA.
Source of variation FCCB SCCB Fall
tiller
no.
Spring
tiller
no.
Ground
cover
Spring N
accumulation
Cover crop
density after
corn
____________________________________________ P > F ____________________________________________
Year 0.068 0.067 <.001 0.068 0.105 0.049 0.078
Species 0.004 0.049 <.001 0.004 0.162 0.167 0.096
Year*Species 0.804 0.025 0.002 0.804 0.297 0.164 0.140
Treatment <.001 <.001 <.001 <.001 <.001 <.001 0.003
Year*Treatment 0.260 0.003 <.001 0.260 <.001 0.004 0.633
Species*Treatment 0.829 <.001 <.001 0.829 0.020 <.001 0.512
Year*Species*Treatment 0.003 0.002 <.001 0.003 0.022 0.001 0.950
2005
Species <.001 0.233 <.001 <.001 0.001 0.209
Treatment <.001 <.001 <.001 <.001 0.003 <.001
Species*Treatment 0.017 0.002 0.232 0.017 0.720 0.004
2006
Species 0.081 0.004 <.001 0.081 <.001 0.005
Treatment 0.009 <.001 <.001 0.009 <.001 <.001
Species*Treatment 0.011 <.001 <.001 0.011 0.006 <.001
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Table 3. ANOVA table with with year in the model and separated by year for cover crop total N, grain N, straw N, total biomass,
seed mass, straw biomass, seed density (SD), and spike density (SPD). Data are for 2005 and 2006 near Ames, IA.
Source of variation Total N Grain N Straw N Total Biomass Seed Mass Straw Biomass SD SPD
_______________________________________________________ P > F _______________________________________________________
Year 0.949 0.083 0.539 0.733 0.163 0.931 0.406 0.046
Species <.001 <.001 0.184 <.001 <.001 <.001 0.003 <.001
Year*Species 0.066 0.553 0.317 0.037 0.643 0.017 0.266 0.030
Treatment 0.040 0.777 0.002 0.032 0.640 0.013 0.600 0.015
Year*Treatment 0.379 0.769 0.224 0.348 0.701 0.287 0.869 0.596
Species*Treatment 0.001 0.015 0.001 0.003 0.012 0.003 0.002 0.008
Year*Species*Treatment 0.486 0.701 0.217 0.455 0.727 0.356 0.866 0.645
2005
Species 0.006 0.003 0.032 0.010 0.001 0.025 <.001 0.131
Treatment 0.575 0.781 0.368 0.400 0.806 0.324 0.879 0.144
Species*Treatment 0.005 0.182 0.002 0.012 0.229 0.008 0.045 0.119
2006
Species 0.001 0.004 0.001 0.006 0.010 0.006 0.026 <.001
Treatment 0.113 0.811 0.013 0.099 0.673 0.052 0.669 0.112
Species*Treatment 0.102 0.202 0.066 0.123 0.185 0.114 0.096 0.120
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Table 4. ANOVA table with year in the model and separted by year for corn grain yield, V2 density, R6 density,
kernel m-2, stover biomass, total biomass, harvest index (HI), 1000 kernel mass, and stalk nitrate. Data are
from 2005 and 2006 near Ames, IA.
Source of variation Grain V2
density
R6
density
Kernel
density
Stover
biomass
Total
biomass
HI 1000-
kernel
Stalk
Nitrate
_______________________________________________ P > F _______________________________________________
Year 0.039 0.141 0.371 0.011 0.011 0.066 <.001 0.020 <.001
Species 0.049 0.041 0.038 0.254 0.342 0.235 0.074 0.586 0.024
Year*Species 0.138 0.658 0.462 0.197 0.729 0.615 0.654 0.689 0.001
Treatment <.001 <.001 <.001 0.002 0.463 0.193 0.181 0.003 0.434
Year*Treatment 0.069 0.729 0.309 0.439 0.461 0.525 0.920 0.052 <.001
Species*Treatment 0.387 0.779 0.957 0.599 0.667 0.804 0.348 0.265 0.821
Year*Species*Treatment 0.331 0.864 0.650 0.723 0.699 0.667 0.639 0.281 0.626
2005
Species 0.936 0.501 0.409 0.845 0.310 0.390 0.002
Treatment <.001 0.063 0.196 0.063 0.939 0.666 0.009
Species*Treatment 0.669 0.650 0.814 0.867 0.883 0.035 0.647
2006
Species 0.002 0.080 0.064 0.066 0.426 0.265 0.650
Treatment 0.001 0.024 0.925 0.974 0.105 0.004 0.013
Species*Treatment 0.230 0.667 0.519 0.577 0.125 0.710 0.817
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Table 5. ANOVA table with year in the model and separated by
year for annual grass (AG), annual broadleaf (AB), perennial,
and total weed density at R1 in corn. Data are from 2005 and
2006 near Ames, IA.
Source of variation AG AB Perennial Total
___________________ P > F ___________________
Year 0.301 0.050 0.006 0.306
Species 0.484 0.681 0.064 0.212
Year*Species 0.204 0.644 0.243 0.095
Treatment 0.272 0.592 0.402 0.377
Year*Treatment 0.195 0.425 0.180 0.440
Species*Treatment 0.815 0.875 0.286 0.840
Year*Species*Treatment 0.436 0.557 0.348 0.699
2005
Species 0.310 0.608 0.654 0.130
Treatment 0.127 0.020 0.731 0.004
Species*Treatment 0.745 0.800 0.379 0.867
2006
Species 0.614 0.332 0.050 0.565
Treatment 0.193 0.070 0.052 0.017
Species*Treatment 0.255 0.012 0.236 0.111
Table 6. ANOVA table for intercepted PAR at soil surface separated by year for
several dates in 2005 and 2006 near Ames, IA.
2005
Source of variation 1 May 19 May 23 May 6 June 17 June 21 June
_______________________________ P > F _______________________________
Species 0.586 <.001 0.090 0.635 0.362
Treatment <.001 <.001 0.004 0.002 0.009 0.240
Species*Treatment 0.004 <.001 0.380 0.169 0.527
2006
16 May 24 May 2 June 13 June 19 June 26 June
Species <.001 0.001 <.001 0.799
Treatment <.001 <.001 0.263 0.028 0.002 0.004
Species*Treatment <.001 0.005 0.233 0.492
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Table 7. ANOVA table for intercepted PAR at corn canopy height separated by year for several dates in 2005
and 2006 near Ames, IA.
2005 2006
Source of variation 23 May 6 June 17 June 21 June 24 May 2 June 13 June 19 June 26 June
___________________________________________________ P > F ___________________________________________________
Species 0.007 0.078 0.814 <0.001 0.003 0.684
Treatment 0.171 0.997 0.937 0.240 0.041 0.288 0.181 0.021 0.076
Species*Treatment 0.137 0.013 0.931 0.088 0.045 0.072
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